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APPENDIX "A" TO ENCLOSURE "J" 
RECENT DEVELOPMENTS IN SINO-SOVIET RELATIONS 



1. This Appendix is a stunmary of events in Sino-Soviet 
relations apparent to the end of the summer of i960, with a 
note on the still obscure developments since then (until late 
November, 1960). These, trends warrant special attention because 
they suggest the apparent range of strategies with which the 
Communists may oppose us, and because they suggest the ultimate 
possibility of. useful political leverage which, if it ever 
materialized, might affect the nature of . our strategies. 

2. But attention' to the, forces and time periods which 
emphasize the divisive elements in the Sino-Russian relation^ 
ship. should not obscure the still powerful reasons for Sino- 
Soviet solidity of purpose on most routine issues of inter- 
national politics, and above all in case of a critical con- 
frontation with the U.S. Recent trends may continue. But the 
party line may change, at either place, Moscow or Peking, not 
once, but many times. It has changed before, many times. The : 
significance of the differences that became evident during i960 
is that they demonstrated the reality and the range of potential 
policy differences within the Sino-Soviet Bloc. 

3- The Sino-Soviet relationship deteriorated rapidly. during 
most of i960. Both parties have taken extreme positions, opening 
the way for Increasingly serious actions and counteractions. In 
October there were some signs that the Chinese were tempering 
their views sufficiently to reduce significantly the degree of 
open antagonism. But there can be little doubt of the genuine- 
ness of doctrinal rift that had developed out of the divergent 
circumstances which Impelled the Chinese and the Russians into 
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divergent policies. When the outcome of the November meetings 
is clear, it will be more evident than now what we may reasonably 
expect in the near future. But it is not believed that the 
expected words of nominal reconciliation will cure all of the 
sources of differences^ and that the tendencies evident in the 
i960 doctrinal dispute cannot be entirely removed quickly or by 
conference, and if it disappears in one form. or context it is 
likely to appear again, later, in another form or context. 

4. The Sino-Soviet dispute has been developing siuce I957. 
• At. that time, the Chinese conceived their "great leap forward" . 
in economic development a poorly planned program depending 
heavily on exhortation and coercion, contrary to Khrushchev's 
emphasis on material incentives. In early 1958, the Chinese 
conceived their audacious and heretical commune program. They 
launched this program without consulting the Soviet party, and 
they presented the communes as the form for an. early "transition- 
to Communism" and as worthy of emulation by other Communist 
states. They persisted in this program despite clear signs of 
Soviet disapproval. Although in 1959 Peiping modified both the 
commune program and the Chinese claims for it, the Soviets con- 
tinued to disapprove the modified program and the remaining 
claims. 

- 5. Originating in the same period was the even more critical 
dispute about world Communist strategy and tactics. This 
apparently began in divergent estimates of the Bloc's military 
power after th6 Soviet ICBM tests and sputnik launching in 
autumn 1957- Mao believed that the Bloc had clear military 
superiority, and that it thus could pursue a much more aggres- 
sive program all over Ithe world - short of initiating general 
war. 
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6. Over the following two years — in party pronouncements, 
speeches by leaders, articles in party Journals — the issues 
of strategy and tactics in dispute between Moscow and Peiping 
were made clear. These were and still are: (l) whether the 
Soviet policy of low risks, "peaceful coexistence," and detente 
should be replaced by a more militant revolutionary policy., 
especially in the underdeveloped and former colonial areas; 
(2) whether the Bloc should seek to avoid local as well as 
general wars on the groiind that local wars could get out of 
control (the Soviet view) or whether the Bloc should support and 
even incite wars of "liberation" . and other "Just" wars (the 
Chinese view); (3) whether disarmajneht is to be seriously nego-' 
tiated with the West (the Soviets seem to say yes, the Chinese 
clearly say no); (4) whether Communist parties can usually or 
often take power in non-Communist countries without resort to 
armed uprisings and civil war; and (5) whether Communists in 
non-Bloc countries should press "minlinum" (Soviet) or "maximum" 
(Chinese) programs, and to what degree they should cooperate 
with non- Communists such as socialists and trade unionists. 

?• The Sino-Soviet dispute moved into its second stage in 
autumn 1959* with Khrushchev's trip to the United States and the 
preparations for summit talks. Khrushchev's policy drew heavy 
fire from Peiping, culminating in a series of unprecedently 
harsh and scornful Chinese attacks on Soviet strategy in Lenin 
Anniversary articles in April i960. 

8. It was apparent last June that the Chinese were not satis- 
fied simply by the wrecking of the summit talks. The Chinese 
saw no signs of the fundamental change In Soviet policy for 
which they had long been calling. Thus, at a meeting of the 
World Federation of Trade Unions (WPTU) in Peiping In June,* 
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Chinese delegates spoke very strongly against Soviet positions, 
and they convoked private meetings with other delegates in which 
they denounced Soviet policies. Two of Mao Tse-tung«s top lieu- 
tenants, Liu Shao-chl and Teng Hslao-ping, were active in this 
way. 

9. After the WFTU fiasco, the Soviet party immediately went 
on the offensive, quickly bringing the dispute into a new and . 
■ critical phase — similar to the Soviet- Yugoslav relationship 
in the spring of 1948 when Moscow was putting strong pressure 
on the Yugoslav party to force a change in policy or a change 
in leadership. A Pravda article of 12 June — on • "left-wizife - 
Communism" — signalled the offensive. " 

10. The Soviet party, made use of the Rumanian CP Congress at 
Bucharest, beginning 21 June, to convoke the Bloc parties and • 
pther parties of the Communist world. The Soviet party is 
reported to have sent to the -other parties, in or about mid- • 
June, a circular letter in support of its positions in the 
dispute with the . Chinese - 

11. Enroute to the Bucharest meeting, about 17 June, Soviet 
and Chinese representatives discussed their differences and 
could not resolve them. The Chinese representative is said to 
have promised to back down at Bucharest if the other parties 
were opposed to his positions. 

; 12. It was apparently at this point that the Soviet party 
prepared an 84-page document ^Ich it distributed to the other 
parties on 21 June. This was presumably a more systematic and 
full account of the matters discussed in the Soviet circular 
letter of mid- June . 
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13- The Soviet party also indicated in public pronoiancements 
the line it v/ould take at Bucharest. A Pravda editorial of 
20 June insisted that Bloc leaders, "synchronize their watches," 
warned against "conceit" among Bloc leaders, and asserted that 
there could not .be "two minds" on war and peace. Khrushchev 
spoke to the Rumanian party Congress on 21 June, strongly re- 
affirming his detente policy and declaring that those who inter- 
pret Lenin dogmatically "act like children." The Chinese ..dele- 
gate to the. Congress, while fairly polite in his speech, also 
showed an intention .not to yield any positions. 

14. The Soviet letter of 21 June (cited above) —distributed 
to the 64 other parties on the eve of the Bucharest meeting of ' 
World Communist parties which followed the Rumanian party 
Congress — was a sensation, on the order of Khrushchev's 

■ "secret speech" of February, 1956, attacking Stalin - 

15. The Soviet party letter began by rebuking the Chinese 
party for "Improper and unacceptable" methods of criticizing 
Soviet policies — during and after the WPTU Conference. These 
methods had included ■ "circulating documents in all Communist 
parties" — an unprecedented Chinese challenge to Soviet leader- 
ship of the world Communist movement. 

16. The letter then accused the Chinese of failing to under- 
stand the changes iJi the world since Lenin* s time. In particular 
the capability of the Bloc to restrain the aggressive plans of 
imperialism . 

17- The letter then criticized the Chinese view that an 
eventual general war is inevitable, and that in any case there 
would be wars of other kinds. :It accused Mao of having gone 
back on his agreement of November, 1957, that the Bloc should 
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try to keep the peace Tor 15 years , after which the peace 
would keep itself. 

18. The letter arguec3 that "coexistence" did not — as the 
Chinese charged impede the. "liberation" movement.- The Bloc, 
it Baid, would "support Just wars" If necessary. 

19. The letter reiterated the Soviet position that . "peaceful 
coexistence" is not a "temporary tactical slogan" but is instead 
an objective necessity. It observed that a new general war 
would "wipe out nations and throw society back hundreds of 
years." It declared that the Soviet party was confident of a 
"worldwide Communist victojTy. after the Bloc had proved its indus- 
trial superiority during 10 to I5 years of "peaceful coexistence. 

20. The letter went on to assert that coexistence did not mean 
an end to the "struggle. " It. pointed to recent developments in 
South Korea, Turkey and. Japan, as evidence of gains that could 
be made. 

21. The letter rejected the Chinese charge that the Soviet I 
party was "flirting with the national bourgeoisie" — Peiping's 
criticism of Soviet gradualist strategy for such countries as 
India, Indonesia and the UAR. It e^ressed confidence, contrary 
to the Chinese view, that bourgeois nationalist leaders weaken 
the forces available to the West. 

22. The letter also rejected the Chinese charge that Khrushchev 
was throwing away the Bloc's military advantage. At the same 
time, the letter said the Chinese were wrong in regarding dis- 
armament as an "illusion." Disarmament, at least to some degree, 
was possible and would work to the advantage of the Bloc — both 
as an issue and as an accomplished fact. 
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23* The letter went on to rebuke the Chinese for disagreeing 
with the Soviet emphasis on the possibility of Communist parties 
winning power by peaceful means. It pointed out that the Soviet 
party did not say that this was the only way, simply that there 
were better possibilities for this way. 

2^. The letter then reproached the Chinese party for its 
"isolated" position in the world Communist front organizations • 
(peace, labor, youth, women).. The Chinese were said to have 
gone back on a 1954 agreement as to correct tactics. 

25. The letter further criticized the Chinese party for failure 
to adhere in several respects to the November, 1957, declaration 
of the Communist parties which the CCP had signed. The letter 
extracted several passages from the declaration and set beside 
them contradictory statements from CCP pronouncements since 1957. 

26. At this point, in "discussing de-Stallnlzatlon, the Soviet 
letter took a slap at Mao personally. The Chinese position on 
Stalin — not nearly as critical of Stalin as Khrushchev had 
been — was said to obstruct the world Communist movement's work 
against the "cult of the individual." The implication was clear 
that there was another such cult in Communist China. 

27. The letter went on to rebuke the Chinese party for criticiz- 
ing the Soviet part "behind its back," for deriding the lines 
taken by other Communist parties, for "disloyal and uncomradely" 
behavior, for violating the principle of "proletarian inter- 
nationalism, " and for "lack of sincerity and respect" toward the 
Soviet party. 

28. The letter observed that the Soviet party had "many times" 
tried to resolve Its disputes with the Chinese party in bilateral 
talks which failed completely. The letter observed that the 
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Soviet party had not criticized Mao's ill-considered experiment 
with the "hundred flowers" In 1956- 1957 , and had tactfully 
ci'lticized the CCP»s rejection of the "Leninist principle of 
material incentive" (in the Chinese "leap forward" and commune 
programs ) . 

29- The most Important part of the letter — because the Soviet 
and Chinese substantive positions were already known — was the 
conclusion. In this the Soviet party showed an intention to 
force the Chinese to back down or. accept some serious 
. consequences . • 

. 30- This part of the letter reminded the Chinese of the "un- 
precedented" Bciale of Soviet aid to China's economic and military 
development. It then moved directly to the statement that "We 
must do everything to overcome the difficulties in this relation- 
ship without sacrificing principles." It appealed to the Chinese 
to "take, into accoiint the interests of the world Communist 
movement," and it expressed confidence that the CCP would "draw 
the necessary conclusions." It concluded that the interests of 
the Bloc and the world Communist movement are "inseparable from 
the interests of the building of Communism" in China — in other 
words, it warned implicitly that a Chinese failure to conform 
would result in a reduction or withdrawal of Soviet aid. 

31 • Khioishchev is reported to have given the Communist parties 
at Bucharest two days to consider this 84-page circular letter. 
He then spoke to the meeting, and is said to have added some" 
detail to the charges against the Chinese set forth in the 
letter . 

32. He is said to have denied. a Chinese charge that the USSR 
was not properly preparing for possible war with the West, and 
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to have countered with a charge that the Chinese had refused to 
permit the Russians to build certain installations in China for 
Soviet military purposes .. In this connection, he is said to 
have remarked, at Bucharest, that he was riesistlng Chinese 
pressure for nuclear weapons, weapons which the Chinese were 
not reliable enough to be given. 

33- He is also said to have criticized Chinese "chauvinist" 
policies in disputes with non-Communist governments (i.e.., India 
and Indonesia). 

3^- He is also said to have accused the Chinese of forming 
pro-Chinese "factions" in other Communist parties, and to have, 
complained specifically that the CCP was indoctrinating Latin 
American Communists in. anti-Soviet feeling and was recommending 
"armed struggle", to theia against Soviet wishes. 

35' He is also said to have -compared Mao with Stalin in the 
insularity of his thinking. 

36. The Chinese delegate. at Bucharest, Peng Chen, a CCP 
Politburo member close to Mao, is reportedly to have responded 
,hotly to Krushchev »s speech. Peng is said to have reaffirmed 
Chinese positions, and is variously reported to have made these 
specific points: ultimately there must be war with the West; 
in the meantime, there must be a much fiimer Bloc line; the 
neutral countries are insignificant In the struggle, and lean 
more to the West than to the Bloc; Moscow had prevented the 
Eastern European parties from adopting domestic programs similar 
to Peiplng's; the Chinese party should have a free hand in Asia; 
the Soviet party had tried to speak for Peiplng in international 
councils without Chinese consent; the CPSU had organized the 
Bucharest meeting to discredit the CCP; the. CCP had no confidence 
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in Khrushchev »s policies or in Khrushchev personally; and so on. 
An observer sxanmed up Peng's performance as Indicating that the 
Chinese did not retreat "one inch" at Bucharest. 

37- Virtually all of the other Communist parties at the Bucharest 
meeting indicated their support of the Soviet position. It was 
perhaps this that induced the Chinese party to sign the innocuous 
Bucharest communique of. the Communist parties. It was obvious to 
all, however, that this accommodation was unstable. The parties 
reportedly agreed to meet again in Moscow in November to try to 
■ reach a genuine resolution of the dispute. 

38. The Chinese went home mad. There are credible reports that 
the Chinese party during the first week of July sent a stinging 
letter to the Soviet party. 

39 • The Chinese letter presumably rejected all of the positions 
set forth in the Soviet letter of 21 Jiine and the charges -added 
in Khrushchev's speech at Bucharest. . 

. 4o. Judging from subsequent comments in the Chinese press, the 
Chinese letter of "early July may have warned that, unless the 
Soviet party altered its positions to conform to Chinese positions, 
Peiping would expel Soviet technicians* and would publicly renounce 
"all Soviet economic aid." 

41. This Chinese letter apparently made the Soviet party as 
angry as the Chinese had beent The Soviet party is said to have 
fired back a letter stating its refusal to be dictated to by its 
Junior. This letter, or one reflecting it, was reportedly sent 
to other -Communist -parties subsequently. 

42. The Soviet party began at that time — early July — to 
prepare for the possibility of a break with the Chinese party. 
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It organized party meetings all over the country to discuss the 
dispute. The Soviet Home Service started to prepare the Russian 
people as well, "by ceasing comment on Chinese affairs; this was 
similar to the boycott of Yugoslavia in the spring of 1948. 
Journals published by both Soviet and Chinese "friendship" 
organizations ceased to be distributed. The Soviet press 
( Kommunist , 11 July) resumed its attacks on dogmatists, sec- 
tarians, and leftist doctrinaries: these were in part answered 
by a Chinese speech of 22 July attacking "modern revisionists." 

43- The Soviet, party f s central committee held a plenum in mid- 
July. The plenum resolution "completely approved." the line taken 
by the Soviet delegation at Bucharest, and it made thiie. serious 
charge that the Chinese not named — were guilty of "left wing 
sectarian deviation" and "narrow nationalism-" These, charges were 
similar to — although not as strong as — the Cominform resolution 
of June, 1948, which expelled the Yugoslav party. 

44. Shortly after the Soviet party plenum, there began a depar- 
ture of Soviet technicians from China. It Is still* not clear \ftio 
took the initiative in these departures — that is, who first 
moved from threats to action. 

45. The Soviet party continued to press the offensive In August 
with several harsh attacks in Soviet media on Chinese policies 

and actions. ( Kommunist , early August; Pravda , 7 August; Ponomarev 
in Pravda , 12 August; Pravda , 13 August; Zhukov in Pravda , 
26 August.) These statements charged the Chinese with "blasphemy," 
with drawing "absurd" conclusions from the current world situation, 
and with departing from and failing to understand Marxism. They 
also charged the Chinese with "disorganizing" and "disorienting" 
other Communist parties — presumably in preparation for a formal 
charge, at some future Bloc conclave, that the CCP is "splitting" 
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the world Communist movement. Perhaps most Important, Soviet and 
satellite media began to warn the Chinese — named for the first 
time — of the dreadful consequences for China of separation from 
the Bloc. 

46. There were also abundant indications from the Chinese side* 
during August that the Sino-Soviet relationship was deteriorating. 
Concurrently with the first departures of Soviet technicians, and 
Just after., a secret meeting of Chinese party leaders in Shanghai, 
a Shanghai Journal published an emotional editorial emphasizing 
the advisability of relying on "pne's own efforts." It observed 
that "reactionaries in some countries .... are trying to isolate 
us," are refusing "to let us progress to become rich and powerful. 
It declared, "we have a belly full of anger," and must use this 
anger for strength. This editorial was reprinted in the CCP's 
official party organ. People's Daily , on 13 August. 

47. Also in early August, the.. Chinese,- originally scheduled to 
send a huge delegation, did not attend the Orientalists' Congress 
in Moscow. And Mikoyan in his opening speech did not once mention 
China. 

48. In mid- August articles in the Chinese press, there were 
further emotional passages. One article was by LI Pu-chan, a 

CCP Politburo member responsible for long range economic planning. 
Li denounced the Imperialists and "those who echo them" and 
declared that their "anti-Chinese activity" simply proved that 
"we are real Marxist-Leninists. " 

49.,Ll*s article discussed the new policy of giving greater 
attention to the development of agriculture — which reflected 
official concern over food shortages in. China and reported in- 
ability to meet export quotas, but which also, perhaps, indicated 
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and expectation of reduced Soviet aid to industry. In the same 
period, there were indications — in Chinese overtures to Japan 
and other countries — that Peiping may have been exploring the 
possibility of reorienting its foreign trade. 

50. There were other articles in the Chinese press in August 
reaffirming positions known to be offensive to Moscow. On 
13 Augustj People's Dally again denooinced the "modern revision- 
ists" and .their "blasphemous talk" in criticizing Chinese posi- 
tions on war. On 30 August replying to a 26 August Pravda 
defense of Soviet strategy for uncoimnitted countries — People ' s 
Dally scored this Soviet strategy. as a "violation" of Lenin's - 
views, and. it. asserted that Mao's more aggressive line was 
"entirejly" in agreement with I^nin's views and with the views 
of other Communist "faithful", to Marxism- Lenin ism. 

51- As noted above, arrangements were made at Bucharest In June 
for another Bloc conclave in Moscow in November. Iniring August, 
the Soviet party reportedly took a big step in preparing for the 
November meeting. It sent another letter — reportedly the second 
since Bucharest — to other Communist parties of the world in 
which It again set forth its positions in the dispute with Peiping. 

52. In this letter the Soviet party admitted "sharp and strong" 
differences with the Chinese party. It expressed the hope that 
differences could be resolved and that discussion should never 
assume an "unhealthy" form, but it stated forthrightly. that there 
"cannot be two opinions" on the matter of coordination between 
Communist parties and on "interpreting policy .... in a dogmatic 
manner." In other words, the Soviet party was asserting its 
leadership of the world Communist movement and its primacy in 
interpreting doctrine. 
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53* The letter went on to explain again that Marxism nmst be 
applied in a changing world situation, and to assert that the 
Bloc is politically and militarily stronger than the West, a 
fact \diich effectively deters the West from war.- . 

5^- To achieve the defeat of Imperialism, the letter said, 
the Bloc must win over the uncommitted countries, which would 
"rally around" the Bloc if the Bloc pursued a policy of "peaceful 
coexistence" accompanied by generous economic aid. Together with 
this, the Bioc would give "maximtan possible support" to Communist 
parties in countries governed by bourgeois nationalists (Nehiii, 
Nasser, Sukarno, Kassira, et al). Where Communist, parties could 
function legally, the letter said, the task of providing support 
was comparatively simple; both the legal and the illegal parties 
should Jmprove. -their underground organizations. 

55* The letter went on to deny the Chinese charge that the 
Soviet party was "thereby "strengthening .... reactionary regimes.' 
The Chinese, the letter said, were "obsessed" by the "so-called 
strength of reaction!' in the non-Communist world. The Communist 
cause was in fact making progress there, the letter said, whereas 
specifically Chinese prestige was falling. The Chinese had 
magnified "minor issues" (e.g., with India and Indonesia), and 
the resulting disputes had obstructed the Communist cause in 
"more than one way" and had made the work of the local Communist 
parties more difficult. 

56. It was high time, the letter said, for this "dogmatic 
approach" of the Chinese to come to an end. To call the policy 
of coexistence revisionist was Itself revisionist. To speak of 
the inevitability of war was to strengthen "war psychosis." It 
was un-Marxist to fail to observe the increasing conflicts between 
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Afro-Asian countries and Imperialism, and between the government 
of Afro-Asian countries and the "democratic" (Communist) movements 
there. 

57 • The- letter concluded that in the Interest of the world 
Communist movement, controversies should not be "publicly 
fanned." To manifest discord based on "sheer dogmatism" amounted 
to helping imperialism. The "sacred task" of the Communist parties 
was to resolve these differences, and the "first opportunity" 
would be, at the Moscow meeting in November. In the meantime, 
the Soviet letter would give world Communist, leaders a basis for 
their deliberations. 

58. There were further developments in late August. Observers 
reported that departures of Soviet technicians from China were 
continuing, and that in at least one city (Peiping) the Chinese 
had made security arrangements to screen the departures from the 
populace. By the end of August, although no reliable" figures- 
were available, it was estimated by observers in Peiping that 
one- third to one-half of all Soviet technicians . had departed. 
There was an unconfirmed report that Khrushchev in his August 
letter to other Communist parties (see above) had criticized the 
expulsion of the technicians. In the same period, Soviet leaders 
began to appear in Bloc capltols, presumably to* add their voices 
to the Soviet letters appealing-for" support against the Chinese. 

59. In the fall of i960; beginning shortly before the cele- 
bration of the 43rd Anniversary of the Bolshevik Revolution, 
there were some signs that Sino-Soviet relationships might take 
a turn for the better, superficially at least. There were a few 
official Chinese expressions of their enduring love of peace and ' 
even a statement for British TV consumption, by Chou En-lai, that 
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global war was not inevitable. (The Chinese have never contended 
that global war was inevitable.) A Chinese delegation showed up 
for the Moscow celebration and remained for the top level Communist 
policy meetings that followed the public celebrations, 

60. There is little prospect of a full reconciliation so long 
as the present leaderships of the two parties- are in power and 
so long as the basic conditions prevail **ich predispose the 
parties of the two countries toward different policies. The 
disagreement is fundamental and it is founded on-conditlons 
v/hioh cannot be lastingly overcome merely by conferences. There 
is no present reasonable expeot:ation of either a total split, or 
a full restoration, of the level of unity which ■ existed between 
the USSR and China before 1957- The practical .questions are not 
whether there . will, be divergences of interest and policy prefer- 
ences, but rather, what form the weakened Sino-Soviet relation- 
ship may take, how far It may extend, and. what effect the doctrinal 
competition and divergences of the two will hkve upon the Communist 
strategies that we must face in the next decade. The general 
nature of the range- of possibilities on this score now seems to ' 
be reasonably well represented by the doctrinal differences of 
I960, however uncertain it may be vAich tendency will prevail 
most often, or in what degree. 
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APPENDIX "B" TO ENCLOSURE "J" 



E FFECTS OF LIMI T ED WAR CAPABILITIES 
ON THE STRATEGIC NUCLEAR DETERftENT POSTUR E 

THE PROBLEM 

1. To explore the Interactions between nuclear deterrent and 
limited war capabilities, 

SCOPE 

2. This paper will address Itself to the primary purposes of 
limited and general war. capabilities in support of the policies 
of deterrence. It ^«ri.ll relate the . systems involved one to the 
other, and will discuss the effects of limited war :capabilities 

on the strategic deterrent posture, 

DEFINITIONS 

3. As used in this paper, general war refers to wars. in which 
stz*ategic nuclear weapons are used against the homielands of the 
opponents; limited war refers to war in which strategic nuclear 
weapons -are not used against the homelands of either side . 

CONCLUSIONS 

4. The present U.S. strategic posture, strong but not com- 
manding in deterrence of general war, is weaker, but still 
substantial, in deterrence of large-scale aggression which 
might occur in developed areas; particularly in Europe, 

5- As U.S. and Soviet postures approach strategic nuclear 
stalemate, U.S. strategic systems will be more uniquely effective 
in deterrence of general war, decrea singly effective in the 
deterrence of large-scale limited aggression. 
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6. Tactical forces vrf.ll have to assume an increasing respon- 
sibility to meet the threats of limited aggression, even large- 
scale aggression which might occur in Europe or elsewhere. 

7 . Any primary dependence of limited war forces on the employ 
ment of their tactical nuclear capability v/ould restrict the 
effectiveness of these forces as a deterrent of Communist 
limited aggression. 

8. isingly or in combination, the- nuclear capabilities of 
strategic and tactical forces are ineffective in deterrence of 
small Communist aggression in underdeveloped areas. 

9. A limited war posture, unduly weak in conventional capa- 
bilities in -both manpower and weapons, can materially increase 
the probability of general war by accident or miscalculation 
and thus erode the deterrent effect of the strategic posture. 

DISCUSSION 

INTRODUCTION 

10. An announced policy of the United States is the deterrence 
of Communist aggression. There are many factors \Aiich operate 
to deter a nation from a certain action; but passing over the 
effects of political beliefs, psychological motivations, and 
other intangibles one comes upon two elements which have impor-. 
tant bearing on the ability of one side to deter another. One 
of these is possession of the requisite ajnovint of power together 
With the ability to apply it; the other is the belief in the 
opponent's mind that this power will.be used to prevent the 
accomplishment of his purpose. Should either of these elements 
be missing from the U.S. posture, when Communist aggression- 
offers to them attractive possibilities of success, the deter-, 
rent policy Is likely to flail. 
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11. To further its deterrent policies the U.S. maintains a 
military posture Including strategic and tactical forces, land, 
sea, and air. All of these systems interact in a complex fashion 
and each complements the other In advancing the national objec- 
tives. To explore this interaction It is necessa27y. to consider 
the systems separately, though always It must be borne in mind • 
that none of the systems operates in isolation and that all 
contribute to the. U.S. strategic posture in the deterrence of 
general and limited CommaiilBt aggression. 

STRATEGIC NUCLEAR DETERRENCE OF GENERAL WAR 

12. Of overriding importance to the nation is the deterrence : 
of general nuclear war. The greatest military contribution, to 
this deterrence is made by the strategic offensive weapons sys- 
tems and, unless one side attains a position which it believes 
gives it so great an advantage that it can attack the other with 
relative impunity, it seems reasonable that, in the absence of 
accident or irrationality, mutual deterrence may succeed in the 
prevention of general war.' 

13. Since the capabilities of both the U,S. aiid the Soviet Union 
are fast progressing to where substantial fractions of their 
strategic forces should survive a nuclear attack, the mutual 
deterrence to use of strategic war as a rational instrument of 
national policy should be even stronger in the future. Absolute 
stalemate may never be achieved; but, factually, strategic stale- 
mate has been with us for some time, and U.S. and Soviet belief 

in the deterrent capability of their systems should harden over 
the next few years. 

STRATEGIC NUCLEAR POSTURE AS A DETERRENT OF LIMITED WAR 

14. In the deterrence of limited aggression, again two impor- 
tant elements are necessary to success of the policy — possession 
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of sufficient force to warrant belief that the U.S. could employ 
It to counter successfully a contemplated aggression, and a 
Conimuuist credibility that the U.S. would actually apply the 
force. In spite of U.S. strategic posture intended to prevent 
Communist aggression, . their aggressions have occurred several 
times — in Korea, in Vietnam, in Hungary, in Tibet, Since the 
U.S. has not invariably succeeded in preventing Communist limited 
aggression, one or both elements must have been missing from the 
posture. 

. 15. While strategic capabilities may be regarded. as insuring 
that the. homelands of the U.S. and the USSR will remain invio- 
late, and while we .may claim that this posture will also bring. ' 
the homelands of our allies underneath the protective tambrella, 
our allies do not place complete reliance on this policy. Con- . 
sequently, they have taken measures to create, their own deterrent. 
Neither we nor the enemy can easily believe that we would, delib- 
erately destroy the USSR and ourselves in response to a threat 
in some other area. The Soviets might entertain some doubts, 
however, about running even a small risk of enormous loss and, 
to this extent, the strategic capability contributes to deter- 
rence of large-scale forms of aggression. Day by day, however, 
it becomes clearer that U.S. strategic systems are ineffective 
in deterrence of small limited aggressions. Our actual experi- 
ence has been that the strategic systems have made no discernible 
contribution in deterring puppet states from undertaking aggres- 
sion on their perimeters, nor have they prevented Commimist 
elements from seizing power where the political climate was 
favorable. The strategic systems, then, have been inadequate 
to deter these types of aggression, not because of lack of 
nuclear power and means to deliver it, . but becatise the Communists 
did not believe that U.S. would use it to stop their aggressions. 
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strategic systems, there fore j must be supplemented by other 
means . 

THE LIMITED WAR POSTURE 

16. Since U.S. national poll'cy Includes prevention of 
Communist expansion through limited aggressive actions, the 
nation must have adequate ready forces, ground, sea, and air, 
capable of q\alck reaction and of rapid movement to a threatened 
area. All of these forces must be so equipped that they can 
meet an enemy at least on an equal footing, and must be pos-'. 
sessed of weapons systems adeqiaate to the particular task at ' . 
hand. They must be trained to operate against any forces which 
the enemy may bring against them. Of equal importance to^ the . 
existence of these forces is enemy knowledge of their capabili- 
ties and. his belief that they will be used should he undertake 
aggression;- v; Friendly," neutral and equivocal nations must also 
understand the capabilities and Intent of use, else Comra\mlst 
ends can be more readily achieved throiigh means- more subtle/ 
than employment of force. 

17. Both U.S. and Soviet ready- forces are now equipped with - 
tactical nuclear weapons and both sides have trained in their 
use. Both Bides have a conventional weapons capability as well, 
yet it is too well known for further elaboration here that the 
Soviets and their allies have much larger forces and much greater 
conventional capabilities than have the U.S. and its allies. In 
many areas of the world vjhere limited vjar may occur, the 
Communists can have, initially, a decided conventional weapons 
advantage, an advantage Tirfilch forces the U.S. to more dependence 
upon tactical nuclear weapons. Knowledge of this disparity in 
conventional strength is widespread as is knowledge that stated 
U.S. policy is to en?>loy its nuclear capabilities to overcome 
the disparity. 

Appendix "B" to 
Enclosure "J" 

jn^^BBb - ^7 - ^^^^ Report No. 50 



TACTICAL NUCLEAR WEAPONS INr LIMITED WAR UNDERDEVELOPED AREAS 

18. The as it exists today and as it will exist during 

the next decade at least, is composed of two general classes of 
nations usmlly referred to as the developed and the less devel- 
oped, or underdeveloped, peoples of the earth. Communist aggres- 
sion may be committed against either class of nation and the 
U.S. may be involved in resisting that aggression, . striving in 
so doing, to prevent the conflict from broadening into general 
' -war, ' . ■ 

. 19. War in the underdeveloped areas is likely to find U.S. 
forces in a posture more vulnerable to nuclear weapons than 
that of its opponents. U.S. tactical and logistical doctrine 
requires vast quantities of supplies, extensive and conplex 
communications systems, elaborate maintenance establishments, 
and good sea and airports. Where these facilities do not exist, 
they must be established. As long as this U.S. posture is 
maintained, it will always offer an enemy some good targets 
for nuclear weapons. An enemy, on the other hand, is usually 
accustomed to subsisting, marching, and fighting on less. He 
frequently resorts to guerrilla-type operations where small 
arms, light artilleiTr, and. conventional explosives have great 
advantages; hence, targets against vAiich tactical nuclear weapons 
can be profitably employed are less likely to exist for the U.S. 
side than for the Communist side. If, in spite of these dis- 
tinctions, the U.S. .should, first enploy nuclear weapons in a 
limited war in some .underdeveloped area, it is only prudent to 
expect that Soviet Russia would support its side with this type 
of weapon also; and, if the U.S. is so fortunate as to have 

1/ For full treatment of this subject see WSEG Report No. 32, 
TOP SECRET, RESTRICTED DATA, Parts I, II, III and IV, dated 
3 July 1958 to 15 July 1959- 
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sanctuaries from which to operate. It is quite likely that 
sanctuaries will be available to the enemy as well. 

20. There can be situations in limited wars in underdeveloped 
areas where the use of tactical nuclear, weapons could be mili- 
tarily advantageous to. the U.S. Most obvious of these are 
opportunities for naval attacks against targets at sea, for 
land-based air attacks against similar targets at sea or in ■ 
the air, and for interdiction of approach routes throiigh moun- 
tain passes or other defiles. These types of targets, however, 
are likely to-be rare exceptions. In any event, before using 
"nuclear weapons, the advantages of their employment should be 
most carefully weighed against the possibliity of counter use 
and. the military necessity for the use of nuclear weapons, 
rather -than conventional explosives, should be clearly apparent, 

21. In addition to the military disadvantages in vftilch the 
U.S. might be placed by resort to tactical nuclear weapons, 
there are political and psychological considerations of grave 
import. Just as there now exists In the Free World a general 
abhorrence of war as a political instrument, so :1s there 
throughout the world a greater abhoi»rence of atomic war. People 
and nations everywhere are progressively acquiring more knowl- 
edge of the effects' of nuclear weapons and deeper realization 
of the consequences of their use. If the U.S. -first uses an 
atomic weapon In limited war in a backward area, she must be 
prepared to face a storm of adverse world criticism which will 
follow, not only from the Soviet propaganda agencies, but also 
from nations other than Communistic — perhaps even from 
friends and allies. Even If tactical nuclear weapons could 
prove militarily useful In limited wars of the type under 
discussion, the possibility of a net loss in the overall strug- 
gle against Communism must not be overlooked. 
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22. In the backviard areas, the effect of a tactical nuclear 
capability on the strategic system is clear in one way, not so 
clear in other ways. The possession of a tactical nuclear capa 
bility obviates the necessity of c3ependence on the strategic . 
systems for deterrence of enemy use of nuclears in small wars 
in underdeveloped countries and, to that, extent, should lower 
the chances of Intercontinental nuclear war. The initial use . 
of the .weapon, however, may have the opposite effect. The 
skillful* use of propaganda, at which the Soviets are adept, 
accompanied by their threats and attempts at nuclear blackmail, 
could not fall to heighten tensions In the world.. Any Increase, 
in tensions trends to an increased danger of general war. With 
nuclear weapons employed on both sides, the -conflict .may expand 
to the point inhere sanctuaries cease to be honored and both 
sides may become so deeply involved that each additional 
increase in the scale of violence leads more and more in the 
direction of general war. .Under. these conditions, readiness 

of strategic forces will increase, intelligence may be mis- 
interpreted, and national attitudes may- be misunderstood to 
the point, where one side or the other may conclude that his 
best hope of salvaging something of his national viability Is 
to strike with all of the counter force capability at his 
disposal." 

23. Even the use of conventional aims alone would heighten 
tensions, as would any publicized conflicting maneuvers between 
the two opponents in situations short of war; but, should both 
sides refrain from the use of nuclears in limited war, the real 
Issues in the struggle would tend to be less ambiguous In that 
they could not be obscured by a barrage of accusatory propa- 
ganda with which the Soviets would cover the entire world and 
vAiich would emphasize the inhumanity of the U.S. in using 
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nuclear weapons against defenseless peoples for the callous 
pursuit of its ovm Imperialism. As long as the policies of 
the U.S. and the Soviet Union remain antithetical, international 
tension will increase or. decrease depending on the national 
attitudes of the moment. The point Is that they should not be 
heightened by unnecessary unilateral U.S. action to the degree 
that they would materially Increase the danger of general, var. 
Whether the use of tactical nuclear weapons In an attempt to 
defeat a Communist limited aggression in an underdeveloped area 
would bring tension to, the explosive point, no one can say with 
assurance, Of*equal ingjortance, perhaps, is. the fact that no 
one. can say that it, would not. Certainly it appears that the 
chances of limiting a conflict are better when tactical nuclear 
weapons do not have to be relied upon to stop a limited aggres- 
sion once it has been undertaken. 

TACTICAL NUCLEAR WEAPONS IN LIMITED WAR DEVELOPED AREAS 

24. V/ars in developed areas of the world may well be large In 
scale. In Europe, for instance, the NATO alliance Is face to 
face with Soviet and Satellite military power. There, an aggres- 
sion against one NATO power is, by treaty, considered an aggres- 
sion against all; yet there Is no Instrument which binds the 
NATO powers to a particular military reaction to a Soviet 

aggression In Europe, nor is there any binding agreement v*iich 

1/ 

requires the U.S. to resort to war should aggression occur. 
It is beyond the scope of this paper to determine the possible 
responses to Soviet aggression In Europe, or to; investigate the 
circumstances \inder which a limited war could occur. The paper 
concerns Itself merely with the limited war posture should 
limited war on any scale occur In Europe, the relationship of 

1/ Article 5, North Atlantic Treaty, signed 4 April 1949. 
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tactical nuclear weapons to. the posture, and the Interaction of 
the whole with the nuclear deterrent posture. 

25, The U.S. posture. Indeed the entire NATO attitude In 
Europe, is defensive. No single nation, or group of nations . 
in or composing NATO, contemplates offensive action against 
the Soviet or Its allies; nor are deployments, attitudes or 

1/ 

coniposltion of forces Indicative of initial offensive intent. . 
Should hostilities break out in Europe, there would probably 
be Intense initial effort to keep them limited. Tactical 
nuclears are there, and are readily available to both the U.S. " 
and Soviet forces. A Soviet aggression would have to be met. 
Initijally in the homeland of our Allies where any use of tacti- 
cal nuclears unilaterally by the U.S. would cause casualties 
and devastation to the peoples and property of friendly nations 
"WhlTe it Is true that delivery" against" targets beyond -the - • 
boundaries of Western .Europe and actions at sea or in the air 
would not necessarily have this disadvantage, it is entirely 
illogical to assme that an enemy would limit his actions to 
restraints which the U.S. might desire. In all probability 
the employment of nuclears by the western poivers would bring 
a nuclear response from the Russians. 

26. Any use of nuclear weapons in Europe would Increase many- 
fold the likelihood of general war. It would be difficult, if 
not impossible, for contestants to know at once whether nuclear 
strikes were occasioned by tactical bombs or strategic bombs, 
whether missiles were tactical, intermediate range, or even 
Intercontinental; or vdiether to expect the next salvo to be 

1/ Soviets may consider U.S. strategic posture Indicative of 
offensive Intent. No qualified military analyst could 
regard NATO capabilities or deployments in Europe indica- 
tive of contemplated offensive action. 
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the strongest blow of all — an all-out Intercontinental strike. 
In a sitriation so grave, the stakes would be so high that either 
«if^e might J \-rlth plausible reason, launch its intercontinental 
attack in desperation. 

27. In and among developed countries outside Europe, many of 
the conditions discussed above would apply In any limited war 
situation. In Australia, for instance, or in Japan, nuclear 
weapons might be used initially to repel Invasion from the sea 
or air without exposing the friendly countries to damage from 
our own weapons systems. Yet if we accept as a logical deduc- 
tion that the initial use of a nuclear weapon is an invitation 
to its counter use, even a sea or airborne, attack, if pushed 
beyond the shore line, could ultimately result In heavier damage 
to the homeland of the defending side than that v*ilch would 
occur, had the -participants used conventional weapons in the- 
engagements. Although in these particular localities the threat 
of general war resulting from the use of nuclears might not be 
so great as in Europe, the propaganda war could be severe, world 
tension would increase, and the problems of keeping the war 
limited would be enhanced. 

THE ROLE OF TACTICAL NUCLEAR WEAPONS 

28. A posture for the conduct of limited war in the developed 
areas of the world definitely calls for a U.S. tactical nuclear 
capability. Blaced by an enemy so equipped, and without this 
capability, U.S. -forces and friendly nations would be powerless 
to offer more than token "resistance to a Soviet tactical nuclear 
attack, or else would necessarily have to depend on the stra- 
tegic nuclear deterrent. We have already observed that this 
deterrent does not always deter. 

Appendix "B" to 
, Enclosure "J" 

<BWMBMWP ' 53 - Report No. 50 



29. The possession. of a tactical nuclear capability and the 
use of the capability are tv7o different matters entirely. In 
the developed areas of the world, even more than in those under- 
developed, tactical nuclears offer their greatest service in 
deterring the use of nuclears by an enemy. U.S. forces must 

be equipped with tactical nuclears and trained in their use. 
Just as they must be prepared to operate under the threat of 
their emplojTnent by an enemy. But should these weapons actually 
be employed by either side, U.S. strategic systems must be con- 
tinually primed and ready to go, either in a first-strike 
coiinterforce role or, stirviving a Soviet strike, ready to 
launch against targets, in the Soviet homelands. 

SYNTHESIS OF THE LIMITED WAR POSTURE 

30. The analysis developed in the above discussion has shown 
that strategic offensive weapons systems which compose the U.S. 
general war deterrent have been adequate to their primary 
mission and may so continue into the future. It has also 
developed the fact that these systems are Inadequate to deter 
limited wars, and must be supplemented by systems which are 
designed to further that policy of deterrence. ; This supple- 
mental capability has, up to the present time, failed to be 
completely successful. A limited war posture, to deter Soviet 
aggression in any t^^pe of society and in any areas where the 
Communists may contemplate military aggression, must be com- 
posed of both conventional and nuclear weapons systems vtfiere 
the nuclear systems may find their best role In the deterrence 
of the use of nuclears by an enemy; but where the actual 
employment of nuclears by U.S. forces may be disadvantageous, 
not only from the military point of view, but disadvantageous 
also in the political and psychological struggle between ithe 
Communistic and Free World nations. It follows, then, that 
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the U.S. limited war capabilities should be built around a strong 
but flexible conventional weapons system vri.th tactical nuclears 
available chiefly to deter their use by an enemy, or where 
their employment would be clearly and unequivocally to the 
advantage of the United States. 

31. Since true deterrence of limited aggression depends on 
the credibility of use of the deterrent in the enemy^s mind, .. 
the posture must be so . designed that the capability of its 
employment is obvious. -This means that limited war forces 
must exist in numbers sufficient to offer stiff resistance to. 
enemies and strong support to friends. These forces, consisting 
of ground, sea, and air conqponents, must be so organized, 
trained, equipped, and supported that they can react fast, 
arrive promptly in any threatened theater, and engage immedi- 
ately in combat should it prove necessary. They must be capable 
of "tailoring" to fit the mission they are to undertake.' Credi- 
bility of the existence of .these forces, and of the. U.S. Intent 
to en^loy them against a Communist limited aggression must 
exist, not only in the minds of enemies, but in the minds of 
friendly peoples as well. 

32, U.S. tactical forces, as presently conflgtired, present 
the enemy- with' a very ambiguous threat. In many Instances, the 
tactical, nuclear weapon is of the same type and yield as is the 
strategic nuclear, a situation vdiich gives little flexibility 
to the tactical systems. Moreover, the emphasis in development 
has been toward tactical delivery systems oriented primarily to 
nuclear weapons and much less toward delivery of conventional 
ordnance. Research and development for improvement of conven- 

1/ 

tlonal ordnance and the means to deliver it continue to lag. 

1/ WSEG Report No. TOP SECRET, 1 August I96O. 
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33. Numerically weak, and therefore weak in terms of pure con- 
ventional capabilities, tactical forces cannot effectively 
counter enemy aggressive actions except where circumstances 
preclude the enemy from massing his strength against us. Where 
the enemy can mass conventional forces against us, our ability 
to engage him is predicated upon use of nuclear v/eapons in 
quantity; yet where the enemy can face us with such a threat we 
are also restrained from using nuclear weapons, not only by 
local national vulnerabilities, but also by our own forces* 
vulnerabilities to Soviet nuclear counterattacks. Thus our 
posture directed tovard deterring limited wars is not very 
convincing to an enemy who either initiates his action with 
nuclear attacks or initiates with conventional forces hoping 

to keep the war nonnuclear. To some extent, particularly in 
Europe, the Soviets ■ would be deterred from initiating tactical.-, 
nuclear war by their desire to limit destruction of European 
resources, their fear of nuclear reprisals from NATO countries 
which have their own nuclears, and their fear of our nuclear 
capabilities; but a numerically^ strong conventional U.S. tactical 
capability, supported by a -tactical nuclear capability held in 
reserve, would certainly be a more reliable deterrent to any 
major aggression. 

EFFECTS OF LIMITED WAR CAPABILITIES ON THE STRATEGIC NUCLEAR 
DETERRENT POSTURE 

34. Having observed that strategic and limited war postures 
Interact one with the other. It now bepomes possible to state 
some of the ways in which the limited posture affects the stra- 
tegic. An adequate limited war capability has been shown to 
contribute to the nuclear deterrent, but probably an effective 
strategic nuclear posture could deter- general war without this 
contribution. A strategic deterrent,- however, has proven 
inadequate to deter limited war. A limited war capability. 
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built preponderantly around a nuclear capability, cannot reduce 
the necessity for strategic systems. On the other hand, since 
this posture can increase tension and the danger of general 
war, it may increase the scale on vfliich strategic systems must 
be developed and. maintained. It has been shown that a tactical 
nuclear capability in the limited war posture is necessary to ' 
deter the use of nuclears by an enemy engaging in aggression, 
but it has also been shown that the initial use of nuclears in 
limited war can Increase the danger of broadening the conflict 
into general war. 

35. A limited war capability built around conventional weapons 
systems with nuclears ancillary and associated with sufficient 
strength in mnpower, pro^^djed. posture and intent were made 
credible, could reduce tension and render, to some extent, the 
outbreak- of general war less likely. This kind of force posture 
would serve to reduce Issues the resolution of which would 
otherwise depend on the use of nuclear weapons. This does not 
mean, of course, that the development of sophisticated strategic 
systems should cease. It does mean that the overall strategic 
aims of the United States would be in a better position for 
achievement and that a realistic limited war posture, with 
tactleii nuclear weapons viewed In proper perspective, could 
improve the deterrent effect of the strategic systems. 
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APFEMDIX "A" TO ENCLOSURE "F" 

ESTIMATED COSTS AMD FUIJDXUG REQUIREf'ENTS FOR 
STRATEGIC OFFENSIVE I'jEAPC^^S S'iSTEl^; FY 1951-1967 

1. Statistics of system costs and program funds siammarized In 
preceding sections of this Enclosure are based .on detailed data 
given in this Appendix, 

2. Table I presents estimates of unit costs, excluding bombs 
and warheads, for seven different aircraft, three air-to-surface 
missiles and four surface-to-surface missiles. Three different 
measures of costs are given: (1) investment costs including 
RDT&E and industrial facilities, (2) . Investment costs excluding 
RDT&E and industrial facilities, and (3) annual operating costs. 
Item (2), the middle column of figures, represents the approxi- 
mate cost of prociJiring one additional unit of the specified 
weapon, together with its related supporting facilities and 
equipment, 

3. Accurate estimates of the costs of the B-70 system are not 
available. The Air Force calc\ilates that a development program 
for 12 aircraft, 11 of which will later be recycled to tactical 
status, will total $2.29 billion upon completion in FY I967* 
This amounts to a total cost of $191 million per aircraft. ^Very 
preliminary WSEG estimates for a post-development 7-squadron 
operational program come to $64 million per aircraft for invest- 
ment costs, and to $3.5 million per aircraft per year for annual 
operating costs, 

4. Tables II and III provide the best available data on direct 
and indirect costs attributed by the Atomic Energy Commission to 
nuclear weapons associated with strategic systems. The reported 
costs in all cases pertain to the highest yield model of each 
specified bomb or warhead. Lower yield versions of. the same 
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weapons almost always cost less, the only slgnlfican.t exceptions 
being in the "clean" variants of certain bombs. Fabrication and 
other non-nuclear costs are generally the same for any particular 
v/eapon regardless of yield. 

5« Estimates of the unit costs of surface-to-surface missiles 
are combined with the costs of their warheads in Table IV. The 
delivery system costs in this tabulation are taken directly from 
Table I, and the costs of their warheads are derJ.ved from details 
given in Table III. 

6. The amounts of funds allocated through K I967 to each of 
the strategic weapon systems, with details by year for three 
principal classes of funds, are given in Table V. 
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TABLE I 



AVERAGE IIJVESTI-15MT AND AlII-rjAL OPER/iTING 

COSTS PER AIRCRAFT QYi lOISSILE FQH 

'STHATEGIG \Jii:APQM DELIVERY SYSTEMS a/ 



System 



Aircraft • 

B/RB-47 

B-58 

KC-97 

KC-135 

C-124 

3-70 

ASM . 

'~^M-72 (QUAIL) 
GAiu-77 (hounddog 
GAI^i-87 (skyboltX 



Cost per A/C or Missile ($1,000) 



Investment 
Including 
RDTS and 



Additional 
Investment 
Cost for an 
Additional 



Other Inl-vj/A/C ojj/Mis- 
tlal Costs-^sile 



4,087 
A4,150 
34,407 
2,243 
4,678 
2,761 
NA 



670 
1.631 
1,231 



3/990 
13,511 
33.213 
2,235 
4,666 

2,753 
64,000 



637 
1,487 
9S9 



Average 
Annual 
Operating 
Costs per 
A/C o;^ /Mis- 
sile 



589 
1,107 
851 
400 
360 

599 
3,500 



13 
48 
50 



SSM 

■ j^TLAS ■ 

3x3, Wt, LOX/RP-1 35,100 17,800 1,330, 

1x9 Hard, LOX/RP-1 33,100 l6,800 1,250 

1x12, Hard, LOX/RF-1 36,500 18,500 1,360 
TITAN • 

3x3/Hard, LOX/HP-1 32,300 l8,800 1,670 

1x9/^1x18, Hard, Storable ' 26,700 15,600 1,490 

MI1JUTEMAI>7 : ^ ^ ^-^o cu^: 

Fi;:ed-Base 3,280 2,678 646 

Rail-Mobile . 4,190 3,443 924 
POLARIS/SSBN:e/ 

Average A-1 or A-2 NA 9,112 - 625 

Average A-3 NA 9,300 625 

Average for Program, 15,300 10,580 625 - ^ 

Includinc ReDlacfimftnt . ^ . ' 



a/ All estimates except those for B-70, MIlNRJTErmN, and POLARIS 
are based on funding data and force levels given in Form A 
of MS-3i Report on Selected Strategic and Tactical Weapon 
Systems, preoared bv Directorate of Budget, Hq USAF, 11 April 
195^7 — Details for MI^RJTEKiAN and POLARIS are presented in 
Appendices "B" and "C". Figures for the B-70 are preliminary 
WSEG estimates, see paragraph 3 above. ^ 

b/ Represents the sum of RDT2:E, "Total Procurement' , and Military 
Construction" throxigh FY I965 divided by the peak number of 
unit equipment aircraft or missiles. 



- 30 - 



Appendix "A" to 
Enclosure "F*' 
VJSEG Report No. 50 



TABLE I (Continusd) 



c/ Represents the sum of "Procureviient for Service Use", and 
"Military Constr-iction" throush FY 19^5, divided by the peak 
namber of unit equipnient aircraft or missiles. Funds for 
"RDT&E" and "Procurement - Industrial Facilities" are excluded 
from this average. 

d/ Represents the sum of "Operations and Maintenance and 

"Military Personnel" for FY 19^8 to FY I965, divided by the 
cumulative number of aircraft or. missile years in that period, 

e/ The averages for A-1 or A-2 and for A-3 assume only one set of 
missiles, i.e.,' shipfill, shakedovm, and support for each 
SSBN, while the investment costs based on total FBM funds in- 
clude the cost of 729 additional A-2 and A-3 missiles to re- 
place all of the A-l^s by FY 156^^ and all of the A-2»s by FY 
196B (See ApDendi:: "C*' for details). 

f/ See Annex "3^', Appendix "C" for basis of estimates. 
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TABLE III 
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V/EIGHTj YIELD AND UNIT COST OF SELECTED V/ARHEADS FOR STRATEGIC MISSILE SYSTEMS 



a/ 



Weight (Lbs) 
Yield (KT) 

Cost per Unit ($1000) 

a. Nuclear Cost / 

(1) Materials^/ 

a) Oralloy 

b) Plutonium 

c) Tritium 
) Li D 

Total Materials 

(2) Depreciat.lon of 
Materials Facilities 

Total Nuclear Cost 

b. Non-nuclear Costs 
(1) Fabrication 

(a) Nuclear Materials 
Fabrication 



Fabrication 
Total Fabrication 
(2) Depreciation of Fabri- 
cation Facilities . 
Total Non-Nuclear Cost 
Total Cost: 



Mk 28, Mk 39. 

Mod 0, Yl XVJ-38-X1 Mod 1, Yl 

1.645 3,080 6,230 



TX-41 Mk 49, Cluster WH^/ 

Yl Xl-J-47 Mod 1, Y2 TX-53 XW--56 of POLARIS- ^ 

8,829 710 1,665 6,900 680 720 

600 



7 

id 

23 


36 


. ii 


26 


26 


17 


25 


26 


70 


173 


31 


93 


93 


25 


50 


63 


i8o 


30 


209 


42 


125 


119 


42 


75 


89 


250 


3 


5 


4 


4 


3 


3 


4 


3 


12 


33 


214 


46 


120 


122 




79 


92 ..... 


262 



a/ See footnote a/. Table II. The warhead elements of the TX-4i and TX-53 bombs are included here 

since they may be modified for use in advanced missile systems. 
^ Air estimates for this jreaoon are preliminary . 

c/ See footnote b/. Table II. ' 



TABIE IV 

INVESTI^NT AND OPERATING COSTS FOR STRATSC-IC MISSILE 
SYSTEI-iS, INCLUDING DELI^EY VEHICLES AKD WARHEADS; 
AVERAGE COST PER OPERATIONAL MISSILE AIJD V/ARHEAD 



RESTJ^gPgr^ATA 
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TABLE V 

STRATEGIC WEAPON SYSTEMS - ESTIMATED RDT^E INVESTt4ENT 
AND OPERATING COSTS, FY l^bO - I9b7. BY SYSTEM a/ 
(Million Dollars) 



System and Class of Fu nd s .1960 & PY 



CO 3 
W o *d 

o a 
tJj Cft ot. 
Q C H» 

O fD 

*-i = 
*^ = 

2 = 
O ct 
O 

o 



Aircraft & Related Systems 
Bomber Aircraft 

RDTE 

Investment 
Operating 

B-52 (Ground Alert ) 

RDTE 

Investment 
Operating 

B-38 

KDTE 

Investment 
Operating 

Bomber Aircraft Total; 

RDTE 

Investment 
Operating 

Air*to-Surface Migsiles • 

QAMr72 
• RDTE 

Investment 

Operating 



1960 & PY 


■ X9ol 




iyo3 




1 Q^R 


1 


1 Ofi7 


7,570 


635 


508 


402 


305 


180 


. 0 


0 


9 

5,4l6 

o 1 lie 

9.877 


1 

1,391 


1 


783 


821 


8Uo 


- 

■ 789 


- 

764 


205 
8,349 
1,322 

2,793 


782 
522 


695 
494 


62 
77 


50 

771 
f f J- 

. 83 


7Q^ 

83 


78Q 

91 


764 
91 


B5 = 
2,698 
10 


494 
28 


438 
56 


77 


83 . 


.83- 


91 


91 


20,240 


2,547 


2,360 


1,263 


1,209 


1,103 


880 


855 


299 
16,463 
3,477 


1,276 
1,271 


1,134 
1,226 


62 
1,201 


50 
1,159 


45 
1,058 


880 


855 


206 


63 


5 


6 


■ 6..- 


6 


. 6 


5 


11 
192 
3 


60 
3 


5 


"6 


"e 




" 6 


5 



TABLE. V (Cont'd) 



Syetem and Class of Funds 


i960 & py 


1961 


1962 


1963 • 


• 1964 


1965 


1966 


1967 


GAM-77 


480 


167 


41 


18 


18 


17 


15 


8 


FIDTE 


43 


11 


5 












Investment 


432 


150 


22 




mm 


_ 






Operating 


5 


6 


14 


18 


18 


17 


15 


8 




38 


60 


157 . 




288 


.'253 


30 . 


41 


RDTS 


33 


. 60 


54 


. ' 59 










Investment 






103 


235 


285 - 


237 






Operating 


- 


- 




1' 


3 


16 


30 


41 


GAI'I Total 


724 


290 


203 


318 


312 


276 


51 


54 


UDTE 


92 


70 


59 


\ 59 


_ 








Investment 


624 


210 


125 


235 


285 


. 237 


- 


- 


Operating 


8 


10 


19 


24 

1 


27 


39 


51 




Support Aircraft 


















KC-97. ... 


2,419 


247 


. 216 




93 


53 


0 


0 


RDTE 


















Investment 


1,610 


"4 


1 





MB 








Operating 


809 


243 


. 215 


154 


93 


53 


— 


— 


KG-135 


2,471 


372 


•498 


356 


470 


241 


241 


240 


RDTE 


1 
















Investment 


2,261 


240 


337 


174 


262 








Operating 


209 


132 


. 161 


182 


208 


241 


241 


240 


C-124 


271 


24 


16 


11 


11 


11 


11 


11 


RDTE 


















Investment 


177 

9h 
















Operating 


24 


. 16 


11 


11 . 


11 


11 


11 




891 


48 


36 


25 


25 


25 


20 


0 


RDTE 


















Investment 


641 
















Operating 


250 


48 


36 


^25 


25 


25 


. 20 





w o . 

o W Q 

o y 

W CO p. 
fD c H- 

O fD 

n = 
ct => 

o ct 
o 

o 



s: w > 

Q W (t) 
O 3 

ft) H- 
O 

= 

ct => 

a = 
o ct 
o 

o 



St'"sCcr: ?j:>* J^ljiss of Funds 


i960 py . 


1961 


1962 


1963 




„ ^^^^ 






Sucrort Aircraft Total 


6.033 


690 


766 


546 


599 


->^>-' 


272 




ROTE 

Investment 
vperat/jing 


1 

4,689 


244 

*fHD 


338 

'4 do 


174 


262 
337 


330 




251 


Aircraft Development 
Projects, Total 


1,199 


■402 


565 


615 


400 


234 


69 




ANP (RDTE Only) 


1 ^ 




75 


92 


106 . 


•/J 


40 


10 


B-70(RDTE Only) 


721 


330 


490 


523 


294 


141 


29 


4 


Aircraft and Related 
Systems J Subtotal 


. 28,215 


3,931 


3,894 


2,742 


2,520 ■ 


1,943 


1,272 


1,174 


RDTE 

Investment 
Operating 


1,591 
4,848 


474 

1,730 
1,727 


624 

1,597 
1,673 


674 • 
471 
1.597 


400 

597 
1 . 523 


234 
282 
1.427 


69. 

1 20^ 


.14 
1. 160 


Surface "to-Surf ace 

Missile Systems 


















ATLAS 


3,204 


1,278 


354 


316 


139 


139 


174 


162 


RDTE 

Investment 
Operating 


1,812 
1,301 

91 


245 
961 
72 


114 

155 
85 


. 56 
.140 
120 


139 


139 


174 


162 


TITAN 


2.182 


1,039 


945 


954 


■l-,084 


888 


278 


331 


RDTE 

Investment 
Operating 


1,504 
656 . 
22 


425 
575 
39 


230 
646 
69 


204 
662 
88 


187 
763 

• 134 


90 
621 
177 


278- 


331 


• MINUTEr4AN 


• 559 


522 


1,223 


1,991 


^,472. 


2,095 


1,526 


• 1,569 


RDTE 

Investment 
Operating 


507 
52 

mm 


312 
210 


265 
. 958 


143 
1,795 
53 


87 

2,050 

335 


30 
a, 249 

816 


208 
1,318 


1,569 



TABLE V (Cont'd) 



System and Class of Funds 


I960 & PY 


1961 


1962 


1963 


1964 


1955 


19^0 




POLARIS ■ ' • • . 

RiTTE 

Investment 
Operating 


2,496 


1,256 


1.857 


2,264 


2,044 


1.050 


850 


542 


1, Idd 

1,354 


725 
HO 


1,174 
81 

w J. 


J ^ ^ 
1,627 
104 


247 
1,648 . 
l49 


128 
714 
208 


75 

458 

317 


57 
77 
408 




2,511- 


42 


43 


43 


34 


31 


31 


0 


RDTE 

Investment 
Operating 


908 
1,536 
67 


42 


• 43 


43 


34 


31 


31 


0 


Surf ac e - t o -Surf ace 
Missile Subtotal 


10,952 


4,137 


4,422 


5.568 


5.773 


4,203 


2,859 


2,604 


RDTE 

Investment 
Operating 


5,853 
• 4,899 
200 


1,467 
2,471 
199 


1,211 

2,933 
278 . 


936 

224 
408 


521 

4,461 
. 791 


248 
2,534 
1,371 


75 
666 
2,118 


57 
77 
2,470 



a/ Data do not reflect actions taken since April i960 on the K 196I budget. 
5/ SNARIC, THOR, and OTJPITER. 
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APPENDIX "B" TO ENCLOSURE "F" 
ESTIMTED COSTS OF THE MII^^TSmN V.^APON SYSTEM 

PURPOSE 

1. To present estljnates, developed by VJSEG with the assistance 
of Air Force agencies of the costs of the MHWTEmN weapon system. 

SUMMARY OF THE ESTirMES 

2. The estimates in this paper are predicated upon force objec- 
tives of 2000 fixed-site missiles and 300 mobile missiles. Total 
program costs for t'he FY I96I-67 period are estimated at about 
$11.4 billion of vrhich $7.6 billion represents research, develop- 
znent, test, and evaluation costs, outlays for industrial facili- 
ties, and investment in deployed missiles. The remaining $3.8 
billion comprises the total of all operating costs of deployed 
squadrons during this prograjii^period. A summary of the estijnates 
appears in Table I. . 

TABLE I 

SUMMARY OF MINUTEf4AN PROGRAM COST ESTIMATES, FY I96I-67 



. (Millions of Dollars) 

Item Cost 

Research, Ifevelopment, Test and Evaluation 837 

Industrial Facilities 4o 

Missiles and Spare Parts 2,176 

Support Equipment and Spare Parts 3,280 
a/ 

Construction , 1,000 

Other 230 

' Subtotal 7^563 

Operating Costs (less training missiles included 

above) 3,835 

Total Program Costs - 11,398 



a/ 100 psi silo and 300 psi LCC. 
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3. Estimated Initial investment and annual operating coctc 
per deployed missile, in millions of dollars, are: 



Annual Operating Cost 



Investment Cost 



Fixed System 
$2,678 



0.646 



Mobile System 

$3,443 - 
0.924 



4. Experience with several modern weapon systems has shown 
that cost -estimates made prior to the time of operational ■ 
deploy^nent are often too low by a vade margin. Two years v^Lll 
elapse before the MINUTEMAN system becomes operational. There 
is a Q006 possibility that by this time events will have proved 
that the cost estimates herein were optimistic, 

SOURCES OF INFORJ-IATION . - 

5. The specifications of this weapon system, and most of the 
numerical cost data and various factors for manipulating it 
v/ere obtained from the Air Force, as follows: 

a. Conference of AFEM, AFABF, SAC, RAND, and WSEG 
personnel, 4-7 April i960. 

b. MINUTEiyiPiN Briefing to Air Council and Air Weapons 
Board., I5-I8 February I96O. 

c. MINUTEMAN Development Plan, 15 August 1959. 

d. Air Force MS-3 Report, October 1959." 

e. Tabular materials prepared by AFABF-10 on 29 April 196O 
and by AFBr© in July 1960.. 

6. The figures for only one major item of cost, the missile 
itsr^lf, were derived in WSEG. The WSEG cost estimates for the 
MINUTEMAN missile are based upon consultations with knowledgeable 
cost analysts in various organizations. 
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SYSTEI'l SF5CIFICATI0NS 

7. The cost estimates in this paper pertain to the MIOTTEI/IAN 
v/eapon Sj^stem essentially as it is described in the 15 August 
1959 Development Plan. 

8. The main departures from the Development Plan are: • 



c. Three missiles per train are currently stipulated for 
the mobile system. 

d. A mean-time-to-failure objective of 7000 hours. 

9. IJIINUTEKiAN force tabs currently planned by the Air Force' 
are as follows: 

TABLE II • 

CURRENTLY PLANl-IED MINUTEMftN FORCE TABS 

Kumber of Deployed Missiles at End of Year 
Fiscal Year Fixed Mobile Total 



1961 
1962 

1963 120 30 150 

. 1964 649 156 805 

1965 1225 -300 1525 

1966 ' - 2000 300 2300 

1967 • ' 2000 300 2300 



As of the present, the Ballistic Missiles Committee of OSD 
has given its- approval to the Air Force to initiate production 
commitments to achieve a force of 150 missiles by the close of 
FY I963I Subsequent increments have not yet been approved, nor 
have the ultimate force objectives received approval from the 
Administration and the Congress. 
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10. Classification of Costs . Costs are classified under the 
follov/ing main headings: 

a. Research, Development^ Testy and F.valuation 

b. Industrial Facilities • 
£. Initial Investment Costs 

(1) Major Equipment and Initial Spares (missiles and 
spare parts) . 

. • (2) Support Equipment and Initial Spares (GSE, com- 
■ muni cat ions, RR equipment, etc.). 

(3) Construction (silos, launch control centers, roads, 
etc.). 

{^) Initial Training 
(5) Other (fuel, supplies, etc.), 
d.- Annual Operating Costs ' 
■ ^ (1) Personnel 

Pay and Allowances 
Replacement Training. 

(2) Maintenance and Replacement 

Missiles 
GSE 

Communi c at ions 
RR Equipment 
Operational Facilities 

(3) Training Missiles 

(4) Base Support 

(5) Other. 

e^. Total Program Costs 

Procedure . In this paper Air Force estimates of RDTE 
and Industrial Facilities costs as reported in MS-3A of October 
1959 aJc»e accepted. The pages to follow will present, in detail, 
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the development of our estimates of the initial investment' and 
annual operating costs of the KIIWTEIOI^ system in both the fixed 
(hardened and dispersed) and mobile modes. These estimates were 
arrived at v/ith the cooperation and assistance of the Air Force 
Director of Budget and the Ballistic Missiles Division. The 
discussion will proceed item by item in the same order in which 
the item apears above in the classification of initial invest- 
ment and annual operating costs. 

MAJOR EQUIPIM^T AND INITIAL SPARES IIWESTMENT 

12. The cumulative average price of $7^3>000 per missile is . - 
taken from a cost-quantity curve developed in WSEG and is the 
price for a total of 2664 missiles through FY 1967. ' This pro-; 
curement requirement is based upon the stipulated force schedules, 
a requirement for an iaiti aXa.tr aining firing by each squadron 

and train, a proficiency firing program of two missiles per 
squadron annually, and a requirement for ninety test missiles. 

13. The V/SEG cost-quantity curve for this missile was derived 
from information obtained from industry on the costs of the 
major components; i.e., airfranie, propulsion, guidance and 
control, and re-entry vehicle. The curve is actually a combi- 
nation of two log- linear curves. The first segment runs through 
missile 300 and has a 90 percent slope. The formula for this 
curve is log y « 3.3^5^1 - 0.15201 log x, where y is the 
cumulative average price and x is the cujnulative missile 
number. The second segment has a 93 percent slope and the 
formula is log y 3.228l4 - 0.10471 log x. 

14. According to 3!*ID, initial missile spares are required 
equivalent to 10 percent of the value of the missile. The total 
cost of major equipment and initial spares is thus $7^3^000 per 
missile plus $74,000 for initial spare parts, a total of $817,000 
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per missile. This amounts to $^0,850,000 per. fixed squadron 
of 50 missiles, and to $2, 451., 000 per train of three missiles 
of the mobile system. 

SUPPORT EQUIPMENT A3^D INITIAL SPARES IITVESTT^NT 

15. Silo Equipment (less communl cat ions, guidance' and control) . 
BI^ID has supplied cost-quantity data on this equipment for up to 
1000 units. Extrapolation of these data to 2000 units yields a . 
figure of $70,000 per missile. 

16. Launch Control Center Equipment (less communications, 
guidance and control) . The Bm figure of approximately $5000 per 
missile for this equipment is derived from the cost-quantity 
data for LCC number 200, the required number for 2000 missiles. 

17. Guidance and Control Equipment . The basis for this esti- 
mate is a. BMD tabulation, on the costs of the mobile system, 

the cost for the first unit of guidance and control equipment 
amounting to $1,050,000 per missile. This includes the sequencer- 
monitor, autocolimator, control consoles, and guidance and control 
couplers. This equipment, according to AFOOP, is essentially the 
same for both fixed and mobile systems. Application of a 95 per- 
cent cost- quantity curve (log y = 3.02119 - 0.07^08 log x) 
yields an estimate of $592,000 per missile for the 2300 missiles 
of the fixed and mobile systems. 

18. Strategic Missile Support Area Equipment . The SMSA, lo- 
cated at an existing Air Force base, provides squadron head- 
quarters and support for tliree squadrons of the fixed system. 
Maintenance teams and targeting units. are based at the SMSA and 
are equipped vjith vehicles for performing on-site fault isolation 
and "tinker-toy" type maintenance at the silos, and for, target 
data insertion, missile rotation, and fuzing. In addition, -re- 
entry vehicles and warheads are received at the SMSA, and trans- 
ported thence to the silos for mating vjith the missile. Guidance 
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and control zyztcm maintenance is performed at the SI^ISA. The 
cost of the equipment for accomplishinG these functions is 
estimated by BKiD at $31,000 per missile for the fixed system. 
Lacking a better figure, $31iOOO per missile is also employed 
in this paper per mobile system missile. It is assumed that 
personnel, maintenance, and storage facilities existing at the 
airbase will be adequate and no cost is included for these 
items. . 

19. Transporter-Erector for Fixed System . The transporter-' . 
erector is a large vehicle for transporting a miWTEI4Al^ missile, 
placing it in the silo and withdrav/ing it from the silo. This 
vehicle has an all-up v/eight of 5^ tons. BMD estimates the • 
average price of these vehicles, of v/hich 35 are planned for- 
■each 1000 missiles, at $60,000 per missile. To this is added an 
arbitrary 5 percent initial spares factor bringing the total cost 
per missile to $63^000. . 

20. RR Equipment - Mobile System . The only SR equipment to 
be bought consists of the missile launch car, the control car, 
and the power cars. One launch car, costing about $900,000 
according to APOOP, is of course required for each missile. How- 
ever, only one control car and two power cars, priced at $380,000 
and $450,000 respectively by BMD, are required per three-missile 
train. The total cost of purchased rail equipment, including a 

5 percent initial spares factor, then becomes $1,393,000 per 
missile. Other equipment, i.e., locomotives, dining cars, sleep- 
ing -r^ars, etc., will either be taken from existing surplus 
military rolling stock or will be rented from the railroads. 

21. Cornmunications Eouipment - Fixed System, . The estimates of 
the costs of this equipment are taken from the MINUTEr-lAN Briefing 



- 47 - 



Appendix "B" to 
Enclosure "F" 
V?SEG Report No. 50 



• to the Air Council and Air V/eapons Board, ifj-lG February 196O. 
The data are reproduced in Table III. 

TABIE III 

ESTIMATED COIvTICJ]'! I CATIONS IWESTI'IENT COSTS PER 
HARDENED Ai^D DISPERSED SQUADRON 

Item Cost 

IjCS Data Terminal ($55*000 per silo) $2,750,000 . 

LOG Data Terminal 650,000 

• Cable 6,000,000-18,000,000 
■ SAC Command Radio Equipment • 35^,000 

Augmentation of Ease Telephone _j 5^^000 

Total: ' $9,803,000-21,808,000 

•(K.B. If verv lov; frequency ground wave propagation is success- 
fviily developed, cbmrnitfiicatiions costs may be in the range of $4-6 
j-.iillion per sq-oadron,) Lacl^ins further evidence, the nid-value of 
about .$15-8 million per sqxiadron or $315,000 per missile is 
employed here for fixed system communications equipment cost. 

22. Communications Equipment - Mobile System * These are 
estimated by BMD at $217,000 per missile for a three-missile 
train. 

23. Support Equipment Initial Spares . According to BMD 
personnel, the cost of initial spares for GSE v/ould amount to 
between 15 percent and 25 percent of the initial investment. A 
figure of 20 percent is.u"sed in this paper, except in the cases 
of the transporter-erector and railroad equipment as already 
noted. ' 

CONSTRUCTION IN'TESTT^EHT COSTS 

24. Silos and Launch Control Centers .- 31© has provided a figure 
of $360,000 for construction of a silo (100 psi) and one tenth (10 
.Missiles per LCC) of a launch control center (50O psi). 
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25. Rcaec. It Is very difficult to estimate the costs of' 
roadu for a topical squadron since terrain features will vary 
widely and since the frequency of traffic cannot be accurately 
predicted. Some improvement of existing highways will be re- 
quired. Based- on data pertaining to ATLAS-TITAN squadron road 
costs, a figure of ^ilOO,000 per missile is selected. In addition, 
an access drive will be built from the highv/ay to the silo, and 
the cost of this construction is estimated by BMD at $40,000 per 
missile. ' . ' . 

26. Railroad Construction . The Air Force does not currently 
plan the construction of any sidings but will instead use exist- 
ing sidings for the pre-surveyed firing sites. There will be no 
construction of buildings or other installations, except of a 
triviaf nature;' at"theSe' si^^gs. 

INITIAL TRJ:INING PJnID OTHER. INVESTIvIENT 

27. Initial Training . This cost is estimated by the Air Force 
in its MS-3 Report at $72,000 per missile or $9,000 a man. The 
mobile system requires three times the number of personnel per 
missile and initial training costs amount to $216,000 per missile 
on a three-missile train.. 

28. other . Initial investment in fuel and miscellaneous sup- 
plies is- reported at $9,000 per missile, in the MS-3 and this 
figure is also applied to the mobile system. 

ANNUAL OPERATING COSTS - PERSOl-JITEL 

29. Fay and Allowances . The SAC estimate of $36,000 per. mis- 
sile per year is used for the fixed system and the AFABF figure 
of $134,000 per missile per year for the mobile system. 

30. Replacement Personnel Training . The seine sources, SAC and 
AFABF, provide estimates of $12,000 per missile annually for 
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fixed missiles and $36,000 per missile annually for mobile nils-" 
siles- The estimates are based upon an assumption of a 25 per- 
cent per year personnel turnover rate and a replacement training 
cost factor of $6,000 per man. 

ANinJAL OPERATING COSTS - RAILROAD RENTALS • 

31. AFABP estimates the cost of locomotives and car rentals,' 
Including RR personnel, at $73^000 per missile per year for the 
mobile system • 

Al^mAL miNTENANCE AHD REPLACEIvENT COSTS 

32. Missiles. Maintenace costs are estimated by SAC 

at 15 percent of initial investment per year," Fifteen ■ ■ 
percent of the $812,000 initial cost is $122,600 per missile 
and this figure is applied in both the fixed and mobile, cases. ♦ 

33. Ground Support Equipment . SAC estimates that GSE maintenance 
v/ill cost about 35 percent of the initial investment annually and 
that GSE replacement vrill cost about 15 percent of Initial invest- 
ment each year. Investment in fixed-system GSE is $698,000 per 
missile. Therefore, GSE maintenance and replacement will cost 
about $3^9,000 per missile per year. Transporter-erector maint- 
tenance and replacement at 20 percent of investment amounts to 
$12,000 per year bringing the GSE total to $361,000 per missile. 
Mobile system GSE investment of $623>000 per missile will require 
an annual maintenance and replacement expenditv.re of $312,000. 

34. comrauni cat ions Eouipment , According to SAC, annual main- 
tenaiice and replacement of communications equipment will .cost 
about 10 percent of initial investment. This amounts to $32,000 
per missile per year for the fixed system and to $22,000 per 
missile per year for the mobile system. 
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35- Kaliroad Equipment . AFABh^ estimates the fees for main- 
taining railroad equipment for the mobile system at $72,000 
per year. 

36. Operational Facilities , Maintenance and replacement of 
these facilities is estimated by SAC at 5 percent of Initial 
Investment per year. In the case of the fixed system, the in- 
vestment in silos and LCC's is $360,000 per missile and the 
annual charge amounts to $18,000 per missile annually for these 
facilities. In the case of the mobile system. AFABF provides a 
figure of $31 J 000 per missile per year for operational facilities 
and equipment. No- Investment is contemplated for mobile system 
firing site facilities and mobile unit support base facilities 
are assumed to exist at the host airbase . Maintenance and re- 
placement charges on these facilities, plus similar charges for- 
KUSB (sr-SSA) equipment purchased for this weapon comprise the 
$31,006 figure noted above. 

ANNUAL TRAINING KiISSIIE COSTS 

37. SAC stipulates that operational squadrons each perform two 
training firings a year in order to maintain proficiency in the 
use of the weapon. With 50 missiles per fixed and 30 missiles 
per mobile squadron, and at a unit price of $817*000 per missile, 
the annual cost of training - firings per squadron amounts to 
$33,000. and $54,000 on a per-unit equipment missile basis, 
respectively. 

ANNUAL BASE SUPPORT COSTS 

38. These costs, covering housing, medical service, transport, 
etc., are estimated by SAC at $2000 per man annually. This • 
amounts to $l6,000 per year per fixed system missile and to 
$48,000 per mobile system missile. 
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TABLE IV 

ESTIMATED INITIAL INVESTMENT COSTS FIXED MINUTEMAN SYSTEi^ 



Investment 



Thousand $ 
Per Missile 



Source 



Major Equipment 

Missiles 7^3 

Initial Spares 7^ 

Total Major Equipment . 817 

Support Equipment 

Silo Equipment Less Guidance and 

Control 70 
LCC Equipment Less Guidance and 

Control 5 

Guidance and Control 592 

SMSA 31 

Communications b/ 3l6 

Initial Spares Tor All Above 203 
Transporter-Erector and Initial 

Spares 63 

Total Support Equipment 1,280 

Construction 

Silo and 'i;cc - 360 

Roads - Highway Improvement c/ 100 

- Silo Access 40 

Total Construction 500 

Initial Training - Total . 7g 

Other - Total 9 

Total Investment Per Missile 2,678 



Weapon Systems Evaluation Group 
WSEG Using BMD 10^ Spares Factor 



BMP Data from AFABF 
BMD Data from AFABF 

BMD Mobile System Tabulation and 95JS Curve 

BMD^ 

Air Council Bt'iefing • 
BMD 20% Spares Factor 

BMD Plus. 5^ Spares Factor 



BMD 

Bureau of Public Roads and Array Trans, Corps 
BMD 



AF: MS-3 
AF: MS -3 



a/ These costs are applicable for 100 psi silos and 500. psi LCC*s. Preliminary V/SEG 
estimates for a configuration, of 300 psi silos and 1000 psi LCC's cme to a total 
investment of $2.78 million per missile. 

b/ If ground wave propagation is successful,- costs will approximate $J/)00,000 per missile, 

c/ Based on ATLAS-TITAN experience. 



Item 



TABLE V 

ESTimTEaP ANNUAL OPERATING COSTS - FIXED MINUTErWT SYSTE 

Thousand $ 
Per Missile 



Source 



Personnel 

Pay and Allowances 
Replacement Training 

Total Personnel 

Maintenance and Replacement 

Missiles (l^intenance only) 

GSE 

Communications 

Operational and SMSA Facilities 
Total Maintenance and Replacement 

Training Mlsalles - Total 
Base Support - Total 
Other - Total 



36 
12 



48 



123 

361 
32 
18 

534 

33 
16 

15 



SAC 
SAC 



SAC 
SAC 
SAC 
SAC 



Two Per Sqdn Per Year 

SAC 

SAC 



Total Annual Operating Cost Per Missile 



646 



a/ These costs are applicable for 100 psl silos and 500 psi.LCC's, Preliminary WSEG 
estimates for a configuration of 300 psi silos and 1000 psl LCC's come to a total 
annual operating cost of $0,652 million per missile. 
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ESTIMATED INITIAL INVESTMENT COSTS - MOBILE MINUTEMAN SYSTEM a/ 



ITEM 



Major Equipment 

Missiles 
Initial Spares 

Total Majoe Equipment 

Railroad Equipment 

launch Car 
Control Car . 
Pov/er Car 
Initial Spares 

Total Railroad Equipment 

Support Equipment 

Guidance GSE 

Control GSE 

Control Consoles 

Communi cations Equipment 

SMSA Equipment 

Initial Spares for Above 

Total Support Equipment 

Initial Training - Total 

Other - Total 

TOTAL INVESTMENT PER MISSILE 



Thousand $ 
Per Missile 



7^13 
817 



900 
127 
300 
66 



1,393 



592 

217 
31 
168 

1,008 

2l6 



3, ^^3 



Source 



WSEG 

V/SEG Usinc BMD. IC^ Spares Factor 



: BMD & AFOOP 

' BHD 

j BMD.. .. . 

y 5^ laLtial Spares Factor 



BMD Mobile Tabulation & 95^ Curve 

BMD 
BMD 

BI4D 20g^ Spares Factor 



AP: MS-3 Factor 
AF: MS-3 



a/ Three missiles per train. 
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TABLE VII 

ESTimTED ANNUAL OPER\TING COSTS 
MOBILE HINUTEMAN SYSTEM a/ 

Thousand $ 

Per Missile Source 



Personnel 

Pay & Allowances 
Replacement Training 

Total Personnel 

RR Fees - Total 

Maintenance & Replacement 

Missiles 
GSE 

Communications 
RR Equipment 
Facilities & Equipment 

Total Maintenance & Replacement 

Training Missiles - Total 

Base Support •> Total 

Other - Total 

TOTAL ANNUAL OP. COST PER MISSILE 



a/ Three missiles per train 



13^ 

170 
73 



123 
312 
22 
72 
31 

JB 
19 

924 



AFABF 
AFABF 



AFABF 



SAC 15^ Factor 

SAC 355^ + 15^ Factor 

SAC ic^ Factor 

AFABF 

AFABF 



WSEG at 2/Sqdn/yr 

AFABF 

AFABF 



o 



s g f^g^^y 



OTHER ANNUAL OPERATING COSTS 

transportation of missiles, and services of technical representa- 
tives. For the fixed system, these costs are estimated by SAC 
at $15,000 per missile annually. In the case of the mobile system, 
these costs are estimated by APABF at $19,000 annually. 

TABULAR SUIWTION OF INVESTMENT AND OPERATING COSTS 

40. The fore^oins material is euminarized in the follcv:ing tables: 

a. Table IV - Estimated Initial Investment Costs - 
Fixed MD-yUTEMAN System. 

b. Table V - Estimated Annual Operating Costs 
Fixed imTOTSMN System, ■ 

Table VI - Estimated Initial Investment Costs - 
Mobile MINUTEIvIM System. 

d^. Table VII - Estimated Annual Operating Costs - 
Mobile J-IINUTEMAN System. 
ESTI?>1ATES OF TOTAL PROGRAM FUNDING 

41. Using the estimates developed here for initial investment 
and annual operating costs, and Air Force estiinates of RDTE and 
Industrial Facilities costs, figures on total program funding 
have been derived and appear in Table VIII below. 



TABLE VIII 

ESTIMATES OF TOTAL PROGRAM FU^n)ING FOR MENUTEMAN: M 196l«-67 

( Millions of Dollars ) 



Fiscal RDTE 
Year Fands 



Industrial 

Facility Investment Funds 



Funds and Fixed Mobile 

Other System SysteiTi Total 



Operating Funds 
Fixed Mobile Total 
System System Total Funds 



1961 

1962 

1963 
1964 

1965 
1966 

1967 



312 
265 
143 
87 
30 



41 

5 
12 

15 



128 
727 
135ti 
1744 

1191 
208 



41 
226 
425 
291 

50 



169 
953 
1783 
2035 
1241 
208 



• 39 
•249 
"605 
104l 
1292 



14 53 

86 335 

211 816 

277 1318 

277 1569 



522 
1223 
1991 
2472 

2095 
I52S 

1569 



TOTAL 837 



81 



5356 1033 6389 3226 865 4091 11398 
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APPENDIX -"C" TO E:MCIX)SURE "f" 

estimkTed costs of the k)lari3 weapon system 



PURPOSE 



1. To evaluate the latest available estimates of the costs of 
the POLARIS PBM/SSBN weapon system, and to furnish estimates of 
the cost of proposed POLARIS Cruiser programs. Estimates for 
POLARIS installations on cruisers are given in Annex -'B" to this 
Appendix. 

• ..." 

SUI^^iARY OF ESTIMATES ' ' . 

2. Total programmed obligations through Fiscal Year 196?, to 
achieve an operational force of 45 SSBN's equipped vri.th POLARIS 
missiles are estimated at $12.4 billion according to official CNO 
estimates dated 27 April i960. This total is about 57 percent ' 
higher than a similar esjimat^for the same force level and- time 
period prepared by the same office in June 1959. Comparative data 
are given in Table I. 

TABLE I 

COMPARISON OF ESTIMATES OP POLARIS SYS TEM 
COSTS FOR 4!? SSBN FORCE THROUGH FY 19W 

Special Projects MS-3/2A and 

Office / Supplements ^ 

(30 June 59)^ { Apr il-- July 60) Increase 

(Millions) (Millions} mj_54o_ns Perce nt 



RDT£:E and Related 

Procurement 
Submarines (45) 
Missiles 
Tenders 

Industrial Facilities 
Military Construction 
Other Investment 
Maintenance and 

Operations 
Military Personnel 

TOTAL 



$1,867 
4,128 
538 
292 
112 
129 



610 

189 

$7,865 



$3,225 


$1,358 


73 


4,749 


621 


15 


2,032 


1,^94 


278 


• -379 


87 


30 


154 


42 


38 


145 


16 


12 


342 


342 




1,124 


51^ 


84 


210 


21 


11 


$12, 360 


$4,495 


57 



a/ Submitted by SPO for use in V/SEG Report No. 23, Second 
Annual Review. 



3. Differences between certain cost elements are due in part 
to differences in the classification of costs, but the comparison 



- 59 - 



Appendix "C" to 
Enclosure "P" 
WSEG Report No. 50 



of totals for the entire cystem is vali(3. Most of the 
can be explained by: (1) a considerable Increase in development 
costs mainly attributable to the A-3 missile^ (2) revision of unit 
costs for both submarines and missiles, and (3) addition of 729 A-2 
and A-3 missiles to replace all of the A-l's by 1964 and all of the 
A-2»B by PY 1968. 



4. The current funding schedules reported in this paper appear 
to be realistic and complete, and with one minor exception they 
cover all development, investment, and operating expenses for all 
. facilities and activities v;hich are uniquely associated with the 
POLARIS program. The only exception is the exclusion of military 
pay for crevfs of the two test ships (see paragraph 14). 



5. The latest estimates of programmed obligations by fiscal 
years through 1967 are summarized in Table XI. Obligations for 
RDT&E and Investment, through the fiscal year i960, account for 
about 22 percent of the nonrecurring costs required to establish 
an operational capability with A-3 missiles in '45 submarines. 
Operating costs, of - course, rise steadily, reaching a peak at 
a little more than $400 million per year by 1967. 



TABLE II 

PROGRAMIaSD OBLIGATIONS FOR POLARIS VJEAPON SYSTEM, BY 
FISCAL YEARS THROUGH 19^7 a/ 



Millions of Dollars 

Fiscal Year RDT&E Investment Operating Total 

1957 & Prior $113.9 $-14.7 0 $128.6 

1958 196.2 241.5 0.5 438.2 

1959 389.8 -601.6 7.5 998.9 

1960 398.6 518.9 12.4 929.9 

Subtotal: $1,098.5 $1,376.7 $ 20.4 $2,495.6 

1961 485 i 4 724.9 46.0 1,256.3 

1962 602*.3 1,174.2 80.6 1,857.1 

1963 532.6 1,627.1 104.7 2,264.4 

1964 247.0 1;648.0 149.0 2,044.0 

1965 128.1 713.8 • 208.0 1,049.9 

1966 74.7 459.0 316.7 850.4 

1967 56.8 76.8 408.4 542.0 
Total: $3,225.4 $7,800.5 ■ $1,333.8 $12,359.7 



.a/ U.S. Navy, CNO, MS-3/2A Form, 27 April. I96O. RCfT^ funds " 
include "Procurement for ET&E." Operating Tonds include 
"Operation and Maintenance" and "Military Personnel." 



SECRE?^ 
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6. Programmed force levels and total costs for the principal 
elements of this system by fiscal years throiigh I967, are presented 
in Table I of Appendix "A". The principal elements of cost (ex- 
cluding warheads) through FY I967 in millions of dollars, are as 
follovjs: 

a. RDTctB and Related Procurement $3,225 

b. Initial Investment : ■ 

• (1) Submarines (45) , ^4,749 

(2) Tenders (6) .379 

(3) Missiles (1,734) •2,032 

(4) Other equipment • 342 

(5) Facilities . " 299 .7,801 

£• 0p63?ating Costs ; 

(1) Operation and maintenance $1,124 

(2) Military personnel 210 1,334 
Total costs.; $12,360 

7. This program provides for outfitting the submarines initi- 
ally and after each overhatil period vxith the most advanced 
missile then available. This generates a requirement for three 
Bets of missiles (A-1, A-2, and A-3) for each of the first 7 sub- 
marines, two sets of missiles (A-2 and A-3) for each of the next 
19 submarines, and one set of missiles (A-3) for the last I9 
submarines. .By the end of K 1964, all of the A-1 missiles will 
have been retired and all of the l4 submarines operational at. 
that time will be equipped vfith A-2 missiles. J3y the end of , 

Py 3.968, all of the 45 submarines will have A-3 missiles. 

Altogether, a total of 1,940 POLARIS missiles will be procured 

as follows: 

Plight test missiles 206 

Shipfill, shakedown, support, . • ' 

and replacement: 

A-1 . . . 159 
A-2 . . . 57c 
A-3 . . . 1005 1,734 

Total Missiles l,94o 
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8. The above costs exclude v/arheads, but they Include the 
initial cost of reactor cores for the nuclear ship propulsion 
system and the cost of replacing the expended nuclear fuel 
materials. 

9, Total development and investment costs from the inception 
of the program through the Fiscal Year 1967^ and average .costs 
per submarine and per shipfill missile, are therefore as follows 

f . i ' 

. Millions of Dollars 

Total Average Per Average Per 
Costs SSm Missile 



RDT&E ? 3,225 71.7 ' -^.5. 

Initial Investment 
(excl. of WH)i/ 7.801 173.3 

To tali/ $11,026 245.0 15.3 

10, By the end of FY I967 all of the submarines, tenders, and 
supporting facilities should be fully operational. The cumula- 
tive number of SSBN years should then be 126.1, and the cumula- 
tive cost of operations for the entire system v;ill amount to 
$1,334 million (see Table I, Annex "A"). Dividing this total 
by the total .SSBN years, the average annual operating cost per 
submarine is $10.6 million or about $66l thousand per shipfill 
missile. - 

IITVESTriENT COSTS PER UNIT 

11. Initial investment costs per SSBN, as reported by the 
^Special .Projects Office on 7 April i960, are given below in 

Table III. These costs e::clude warheads, RDT&3, and the cost of 
729 A-2 and A-3 missiles for replacement of A-l»s and A-2's. 
Also excluded (since they are considered as part of RDT&E) are 
the conversion and outfitting costs of the two BAG test ships ■ 
and the three oceanographic survey vessels. 

1/ Includes investment in industrial and development facilities. 
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TABLE III 

POLARIS SYSTEM INVESTlgOT COSTS PER SSBN FY I967 
AS REPORTED BY SPECIAL PROJECTS OFFICE 

. Item Millions of Dollars 



Major Equipment - _SSBN's $ 105.4 

Shipfill msslles j 18. 8 

1 

ShakedoT-ni and Support Missiles (6-I/3) J A 
Other Equipment (incluaing initial spares) 13 .6 

Personnel Transitional Training 0.3 

Initial Ammo, Fuel and Supplies a/ 

Site Acquisition and Base Construction 8.4 

. Total Initial Investment Cost 153.9 



a/ Included in."M£tjor Equipment - SSBl'I^s." 

12. The cost of replacement missiles must be included in POLARIS 

costs if .the system is to be credited vrith the progressive improve 

ment in effectiveness represented by the increases in range from 

j 

... { 
* ^ Replacement missile costs have in fact 

been included by the Special Projects Office in the programmed 
obligations summarized above in paragraphs 5 6, and given on 
Table I, Annex "A". The total cost of the replacement missiles 
is estimated at $873 million or about $19 million per SSBN. 
This amount, added to the $154 million per SSH^ given above in 
Table III, brings the total initial investment per submarine up 
to $173 million, v;hich is now consistent with the -investment cost 
per submarine shown in paragraph 9. 

OPERATD^G COSTS PER IHTIT 

13. The annual operating costs per subriarine, as reported by 
the Special Projects office are given in Table IV. * - 
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TABLE IV 



AND 1«Y 19b7, AS REPORTED BY oKCIAL 


PROJECTS 


Or.^'ICE 




Millions 


of Dollars 


FY I90I 


196? 


rersonnej. ray ana Alxowances ^SSBN only) 


$ 1»1 


$ 1.1 


Replacement Personnel Training 


0.2 


0.2 


Replacement or Eauioment 






maintenance of Equipment 


2.3 


1,2 


Replacement and Maintenance of Facilities 


1.2 


0.7 . 


Replenishment of Ammimition, Fu.el and 
■ Supplies 


$ 0.9 


$ 1.0 ■ 


Total Operating Costs: 


$.8.2 


. $ 9.3 • 



l4. The item "Personnel Pay and Allowances" in Table IV amount- 
ing to $1.1 million per SSBN includes only the submarine crews. ■ 

Other personnel uniquely associated with the POLARIS system are 

1/ 

the tender crevjs and personnel at the Naval V/eapons Annexes. 
The total cost of military personnel in FY 1967^ reported on 
MS-3.2A forms, amounts to $66.9 million. This total, divided by 
the 43.2 S5BN»s in that year (see Table I, Annex "A"), gives us 
an average of $1.5^ million per SSBN-year, or $0.4 million more 
than in Table IV. 

15 • O&M costs, excluding personnel pay and allowances but in- 
cluding maintenance, repair, overhaul, fuel, supplies, replace- 
ment of equipment (except missiles), replacement training, etc.., 
amount to $8,2 million per SSBN in Py 1967 according to Table IV. 
The total for Operation and ^5aintenance given in I^5S-3.2A for I967 
(see Table I, Annex "A") is $3^1.5 million for the system, or 
$7.91 million per SSBN-year. 

1/ It should be noted that O&M costs associated with the EAG test . 
ships and AGS survey vessels are included by Special Projects 
Office in POLARIS funds for RDT&E or related procurement, but 
military personnel pay and allowances for crews of the two test 
ships are not included in any of the POLARIS accounts. -These ■ 
ships are required only in the FBI-4 development program and do 
not represent a recurring cost to the system. Each of the two 
EhG test ships has a crew of about 100 officers and enlisted 
men, and their average annual pay and allov;ances amount to 
about $0.5 million per ship. 
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16. The minor differences betv:cen the derived and reporteO 
operating costs are relatively unimportant and can be explained 
by differences in the definition of costs in I»3S-3,2A and 
MS-3.2B forms. V/e conclude that the best estimate of operating 
costs per SSBN per year will amount to about $10 million when 
the system is fully operational, and that the average annual 
operating cost per shipfill missile will be about $625,000, or 
about 11 percent more than the reported estimate for FY 1967 
as' given in Table IV. 

. SHIPBUILDIIs^G AND CO^^\/£PJSION COSTS 

17. Forty-five nuclear submarines, six tenders, two EAG test 
ships, and three survey ships are financed by the POLARIS program. 
In the programmed obligations schedule given In Table I of 

Annex "A", the cost of submarine construction and tender con- 
version or construction is accoxmted for by Investment funds, 
while the conversion costs for the two EAG test vessels and the 
three AGS survey ships are in RDT&E or related procurement. 

18. Investment in submarines represents the most costly part 
of this system, accounting for $4,7^9 million or 38.4 percent 
of total programmed obligations through FY I967. Included in 
the cost of submarines and tenders is an allowance for price 
inflation amounting to $443 million or about 8.6 percent of the 
total for both types of vessels. Submarine funds also include 
about $l46 million which should be considered as research and 
development expense since development costs are charged to the 
lead ships of each class, 

19. The latest cos-t estimates for submarines are as presented 
in Table V. . - 
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TABI£ V 

CONSTRUCTION AND OUTFITTU^C- COSTS FOR h5 POLARIS SSBN " 

^?umber and l^ame Thousands of Dollars 

SSBN 598, George Washington $ 180,429 
SSBN 599, Patrick Henry 104,501 • 
SSBN 600, Theodore Roosevelt 106,570 
SSBN 601, Robert E. Lee 105,045 
SSBN 602, Abraham Lincoln .102,786 
SSBN 608, Ethan Allen 152,305 
SSBN 60*9, Sam Houston 93,965 
SSH^ 610, Thomas A. Edison 99, 158 
SSBN 611, John Marshall 94,241 
No/ 10 . 116,400 
No. 11 106, GOO 
No. 12 106, QOO 
Subtotal • $1,367,400 
Plus 33 SSBN © $102,475 3.381,600 
TOTAL 45 SSBN $4,749.000 

20. The average cost per submarine for the first 9 "follow-on" 
ships (excluding #598, #608 and #10) amoiints to $102,030 thousand, 
The principal elements of cost comprising this average are as 
follov/s: 

Thousands Percent of Total 



Ship construction. 


$ 69,533 


68.1 


Navigation 


13,014 


12.8 


Fire control 


7,974 


7.8 


Launching and handling 


5,841 


5.7 


Missile checkout 


2,855 


2.8 


Torpedo fire control 


■1,926 


1.9 


Test instrumentation 


577 


0.6 


Training and technical direction 310 


. 0.3 


TOTAL 


$102,030 


100.0 
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21. In a ship construction program of this Kiacnltude we would 
expect to find so.^e reduction in unit costs at each shipyard in 
accordance with normal learning curves for the manufacture of 
military equipment. This, of course, assumes no major changes In 
design. Since the estimate of unit costs for the last 33 SSBI^^s • 
is almost the same as the average for the first 9 "follow-on" 
submarines, it may be concluded that the allov:ance for price 
inflation has cancelled out at least part of the potential savings 
from large-scale production. 

22, Table VI presents shipbuilding and conversion costs, in- 
cluding equipment^ for 11 surface ships associated with the 
POLARIS program. 

TABLE VI 

SHIP CONSTRUCTION OR CGlN fVERSION AM) OUTFITTING COSTS 
FOR EEVEN SURFACE ShXrS ASSOCIATED VJITH THE' FD'OOggTRGGrRAM . 

SHIP • •'• • Thou.oanr^pi of B ol 1 ar S 

EAG-153j Compass Island (Conversion) $ 19^600 

EAG-I54, Observation Island (Conversion) ' 72,800 

T-AGS-21, USNS Bowditch (Conversion) 9,784 

T-.AGS-'22, USNS Dutton (Conversion) 9*573 

T-AGS-23, USNS Mickelson (Conversion) 10,3^3 

AS-19, USS Proteus - Tender (Conversion) 33,200 

AS-31, Tender (New Construction) 72,500 

AS -3 J Tender TNev? Construction) 

AS-5, Tender (Nex'? Construction) p^o cqq 

AS-5, Tender (New Construction) • • • • 1-3, P 

AS-6, Tender (New Construction) 



Total fpr 11 Ships: $ 501,300 

23. The ready-for-sea schedxile for all POLARIS submarines and 
ships is presented in Table II, Annex- "A". 
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ESTimTES OF MISSILE COSTS 

2k. The total cost of 1,73^ POLARIS missiles required for 
Bhipfill, replacement, shakedown, and support amounts to 
$2,032 million, or 16.4 percent of the total programmed obliga- 
tions through FY I967. These funds Include spare parts, account- 
ing for about 11 percent of the total missile cost. 

25. The procurement schedule for missiles by type and programmed 
obligations through I967 are shown in Table VII. 

• TABLE VI I- 

NUMBER A2^ COST OF POLAKIS F'TISSILES FOR 
SHIPFILL, SHAKEDOVJ]>? AND SUPPORT 



Fiscal 
Year 


Number of 
A-1 A-2 


Missiles 
A-3 Total 


Programmed 
Obligations 
(Millions) 


Average Cost 
Per Missile 
(Thousands) 


i960 8c- 














Prior 


.134 


0 


0 


134 


$187.5 


$1,399 


1961 


\ 25 


34 


0 




81.7 


1,385 


1962 


0 


184 


0 


184 


197.2 


1,072 


1963 


0 


318 


0 


318 


285.1 


897 


1964 


0 


34 


301 


■ 335 


435.2 


1,299 


1965 


0 


0 


352 


352 


420.2 


1,194 


1966 


0 




318 


318 


369.2 


1,161 


1967 


0 


0 


34 


34 


55.4 


1,629 


TOTAL 


159 


. 570 1,005 


1,734 


2,e»31.5 


I3I72 



26. The average cost per missile in the pr'eceding -table tends 
to fluctuate over the period— first falling 'then rising— because 
it Is actually a composite of averages for three distinct tj'pes 
of missiles, differing in range, gross weight, and unit costs.- 
Table VIII pret-ents unit costs separately for each of the 
three types. 
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OTHER PQT-APXS FACILITIES 

27. Programmed ^unds for this system finance a great many mili- 
tary and Industrial facilities used in the development, production, 
maintenance, and operation of the submarines and missiles. The 
most important of these are as follov/s: 

a. Submerged launch test facilities, San Clemente Island, 
California. 

b. APMTC facilities for POLARIS tests. Cape Canaveral, 
Florida^. 

.c. Aerojet plant j Sacramento, California. 

d^. Lockheed plant, Sunnyvale, California. 

£. Hypervelocity gun range, . . 

f . Navigation test facility 

Surface -current experimental facility 
•h. Three submarine overhaul facilities 
. i. Two missile assembly facilities 
Three FBM training faciliti es 



n. Graving dock, Charleston, S. C. 

2S. Some of these facilities are obviously useful only in the 
development and testing of operational POLARIS equipment, thus 
representing nonrecurring costs which are independent of the size 
of the force. Some installations y such as VLF and HARE stations, 
are shared with other Navy systems. Other facilities are clearly 
associated with POLARIS/SSBK maintenance and operation, .so that 
their costs would tend to vary with the number of units in 
operation. In general, .the construction or expansion of all of 
these facilities is financed by the Military Construction (MCON) 
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account, VJhile procurement of their equipment may be covered 
either by the same funds or in Procurement of Aircraft and 
Missiles (PAI^>I), or Other Procurement, Navj' (OPN). 

29, Most of the initial costs of these facilities are covered 

by the following accounts, given by year in Table I of Annex "A" 

Total Initial Cost Through 

FY 1967 
(milions) 

a. Industrial facilities ■ . ' . 

(except equipment) $ 153.6 

b. Development facilities (MCON only) .. • . 28,0 

c. Operations and other facilities 

(MCON only) .117.2 

d. Equipment other than ships and missiles 3^2,0 

Total above items: $ ^640.8 

30- Although records currently available within WSEG do not 

reveal the amounts attributable to each of the l4 items listed 

above in paragraph 27, it is possible to show" the approximate 

cost of seven of them from details given in the latest POLARIS 

3/ 

budget for FY I96I. Total funds available through that year, 
in thousands of dollars, are as follows: 

a. Submerged launch test facility (MCON) $ 2,265 

b. AFMTC facilities for POLARIS (MCON) 21,601 
£, Aerojet plant: 

(1) Expansion (MCON) 5^750 

(2) Equipment (PAI^IN) 26,630 

d. Lockheed plant: 

(1) Ej:pansion (MCON) 9^938 

(2) Equipment (PAMI^ 28,300 

e. Submarine overhaul facility, Charleston, 

S. C. (MCON) 2,355 

f. Missile assembly facility, Charleston, S.C,: 



1/ From POLARIS Fiscal Year 19b 1 Budget, submitted by the 
Special Projects Office, 1 February I96O. 
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(1) Construction (NCON) 11,025 

(2) Equipment (PATIN) 21,074 
£. VLP, Maine (MOON) ' 49,133 

SSBN OPERAT ING CYCLE AND MSSILE FAIL URE RATE 



33. Tlie above information was received 1 July 1960^ by WSEG 
In response to a question submitted to the Special Project Office. 
The exact text of the.SPO's statement is as follows: 
"The operating cycle used in developing the costs was as follows: 

• 598 Class SSBN - 1st H - _ ^ 

r^r. Later 35-4 _ ~ in 

608 Class II . I II : 

fli^U^ ^^^^'^ fP^"*^ ^° ^^^^ °" patrol and 30 days at 

tender, of which one week is at sea for pre-patrol refresher train- 
ing and can be considered patrolling. Percent of time In statl^; 
for one coniplete -cycle is therefore -(35+^5) (60+7T 



^ rtL^^'^?^^^^/"'' i^irector. Weapons Systems Evaluation 
Group; (pp-723/nc, Ser 00276P72, 1 July i960). 
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POLARIS .FO r.CE TE\mi 3 . PHO GR Ar#ED OBLIGATIONS, 
AKD RE/iI»y-FGR-SEA SCHEDULE 
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TABLE II 



rOLAnlS FROfJKAJv] READY -FOR-SEA SCHEDULE 



Ship 



RFS Date 



Ship RFS Date 



Ship 



RFS Date 



EAG#154 


12/58 


SSBN #15 


7/64 


SSBN 


#35 


3/66 


ENS # 1 


10/58 


II 


16 


8/64 


II 


■ 36 


4/66 




11/58 


II 


17 


9/64 


II 


37 • 


=^/66 


3 


12/58 


ir 


18 


10/64 


II 


38 


6/66 


SSBW#593 


6/60 


It 


19 


11/64 


11 


39 


7/66 


" 599 


8/60 


n 


20 


12/64 


n 


40 


8/66 


" 600 


1/61 


It 


21 


1/65 


II 


41 


9/66 


» 601 


2/61 


1) 


22 


2/65 


It 


42 


10/66 


" 602 


5/61 


tt 


23 


3/65 


II 


43 


11/66 


" 608 


11/61 


11 


24 


.4/65 


n 


M . 


12/66 


" 609 


4/62 


It 


25 . 


■5/65 


II 


45 


1/67 ; 


"■ 510 


8/62 


11 


.. 26 


•6/65 


. AS # 3 • 


10/64 


" 611 


10/62 


11 


27 


7/65 


II 


4 


10/65 


AS # 19 


10/60 


ti 


28 


8/65 


II 


5 


12/65 


" 31 


10/62 


II 


29 


- . 9/65 


II 


6 


10/66 


SSBN # 10 


4/63 


ir 


30 


10/65 


II 






" 11 


8/63 


II 


31 


11/65 








■ " . 12 


.-10/63 


n 


32 


12/65 


(See Table. 1, Aimex "A 
for SSBN years) 




4/64 


1) 


33 


1/66 








■" 14 


6/64 


n 


34 


2/66 









NOTE ; According to the Special Projects Office the above schedule 
is predicated on a FY I96I building program of three GSBN's 
being fully funded and the procurement of long lead items for 
nine more to be fully funded in FY I962. If the 5 by 7 
FY 61 program, as agreed to by the House and Senate Committees, 
Is approved for implementation, the RFS dates would be as 
follows: 

SSBN»s #1-9 - the same as ^iven above 



#10 - Februs2r/ I963 

#11 . - April 1963 

#12 - August 1963 

#13 - November I963 - - 

#14 - January 1964 

#15 to # 23 - one per month K^rch-Noveiiiber 1954 

#24 and^subsequent - one per month commencing February 



1905. 



This 

ssmi 




- 75 - 



Annex "A" to 
Appendix "c" to 
Enclosure "F" 
V;SEG Report Ho. 50 



A I^X "B" TO APPEI^IDIX "C" 
ESTIMATED CaST CF POLARIS CRUISERS 



Annex "B" to 
Appendix "C" to 
Enclosure "F" 
^ V/SEG Report No. 50 



ANKEX "B" TO APFEHDIX "C" 
ESTimTED COST OP POLARIS CRUISERS 



1. Estimates presented here are based on data previously re- 
ported by the Navy for use in V/SEG Report No, 47, Evaluation of 

1/ 

the POLARIS Cruiser Systora , 1 June I960, modified to reflect 
more recent data on costs of POLARIS missiles as given in the 
preceding portions of thiJ Appendix, - . ' 

2, ' 



lEt is important to note that in each case only 
those costs directly attributable to the POLARIS missile augmen- 
tation are given (including costs of alteration of the ship and 
installation of support equipment for the system), since other 
modification or construction and operatijig costs attributable 
to the basic cruiser and to its other weapon systems are assumed 
to be funded under other programs. 

3. Construction of the CG{n) LONG BEACH and conversion of the 
four CG's has already been authorized and funded, with the ex- 
ception of the POLARIS installation. Based on present scheduling, 
it appears that at least tv;o FBM installations could be completed 
sometime in I9S3, and that all five could be equipped for 
deployment by mid-1965. 

4. Conversion of OA's, including installation of the FBM 
system would require tv;enty-four months, but scheduling, of these 
conversions presents less of a problem inasmuch as the .initial 
ships could be cruisers from the reserve fleet. Present, esti- - 
mates are that the first of these ships could be available by 

about February 19^3, 3 ships could be completed by mid-1963, 

1/ The costs of POLARIS Installations on cruisers, reported by the 
Navy in October 1959 and used in VJSEG Report No. 47, do not 
include any allov;ance for price inflation similar to that in- 
cluded in the costs of POLARIS submarines and tenders (see 
paragraph 18, page 65)* 
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TABLE I 

INCREKiSHTAL COST OF ?OhP:RlS CRUISER SYSTEMS 
EXCLUDING W AR HEADS 
(Millions of Dollars ) 



Item 1 CG(N) and 12 OA's, 

mJii CG's, each - — fiar»h with 

■ — \ * ■ 



1. Incremental Investment Cost 



a. Cost' of inatallins POLARIS 
equipment^ 


183.8 


564,0 


b. Cost of POLARIS missilesV 






(1) Shipfill missiles 


41.8 


200.8 


(2) Pipeline and shakedoxvn 


18.8 


79.5 


£. Expansion of Naval Weapons Annex 


0.,-2 


5.0 


d. Personnel training 


.0.3 


0.6 


■-* — jar • 1. • 

£. Total incremental investment 


244,9 


849.9 


Average cost per ship 


49.0 


70.8 


Average cost per missile 


6,12 


4.43 



2. Annual Operating Cost 
Attributable toTpOLARIS 

a. Personnel pay and allowances^ 

including replacement training I.3 3.1 

b. POLARIS equipment maintenance 3,7 9.0 

c_. Missile replacement^ and 

training I5.7 68.2 

d. Base maintenance and replacement .0.1 0,7 

£. Total annual operating cost 20.8 81. 0 

Average cost per ship 4.2 6.8 

Average, cost per missile O.52 0.42 

a/ Excludes $0.2 million of RDT&E costs for the 5-ship system 
and $24,0 million for the 12-ship system. 

b/ The initial shipfill is assumed to comprise A~2 missiles 
. in each case, costing an average of $1,046 million per 
unit. Replacement missile costs, as first reported by 
the Navy for use in v;SEG Report No, 4?, were based on a 
shelf life of 5 years, thus averaging 20 percent of the 
shipfill per year. In this study it is assumed that replace- 
ment v;ould be at the same rate, but that A-3 missiles, aver- 
aging $1.24 million per unit, would be available for replace- 
■ ment . 
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and a total of 12 ships could be available for deplojmient by 
niid-19S4. However, funds have not been approved either for 
conversion to CG or for the installation of the POLARIS system. 

5. The POLAias-Crulser programs are assumed to be additional 
to the plan for 45 SSBN's, Implementation of the CG and CA 
cruiser programs v/ould require the procurement of 2,292 missiles 
excluding those for RDT&E, as follov;s: 

45 SSBN program 1,734 

17 Cruisers (v/ith A-2 shipfill missiles 

replaced by A-3^s in five years) 538 

Total missiles 2,292 

6. The estimated total cost of construction and outfitting 
of the CG(N) and the total cost of converting the other 4 CG's, 
Including supporting equipment but excluding missiles, according 
to the Navy, Is as follows: 

Millions of Dollars 



CG(N)-9 Construction 300 

CG-10 Conversion 168 

CG-11 Conversion l64 

CG-12 Conversion 139 

CG-13 Conversion 152 

Total five ships 923 



As shovm above in Table I, however, only $l84 million of the 
$923 million is directly attributable, to POLARIS equipment. The 
balance of the cost is attributable to other weapon systems, in- 
cluding TALOS, ASROC, TARTAR or TERRIER, nev; communications. 
Naval Tactical Data System (NTDS), and rehabilitation. 
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^ \ 'SKO 01. T --r:, ju:-v i}7i 

1. Follo'-'iiv Une int.firn;)! --.olitical nvcnrs of 18 :-3nrch 1971 in Canboriia and 

rhc Pre?] den.t. -i nl .!at .-Tir: n "^ti on of ?.2 A^ril 1?70 to nsrist thp. Cov-irnr jjnt of 
C.')rr.l:o.-.li a in i.tr- 'Jtw. 1?. r.o viai n tain it? j r..ia-jc^n.!2r.':e , I.'. S. assistance co::.!-: .-^nd- 
e.d vith tii-^ Ip.l i.v-"-.i'y of individijal w«a::ons, ar n'.i.'nit ion and v: ni f orr-s • These 

1, tp.{'-s u'erki .U: 1 i v?!":;'; on an irret n 1 .--:r aru! "nrxii 2du la.i basis and,, to th-i: extent 
:?oss:ble at t'lo tir-e, v-are coordinnt 0 I'v '•.-.(JV an-i tha S. cic;; issy, ?hnor. 
?cnh, 

2, 'Jith tho. 22 May a.ino;uiC':i;:\^nt of a $7. ") -iillior. : :aP for xiarioo-'iLa, the Secretary 
of i>efnns':t r;ro'l'J«d idel inss anO constr^iints as follows: 

a« Partial so -''ort for force of 63, which woLud not incl-ide iii^.h cost 
sophisticated i ter.s s-.:ch as tanks anJ airocaft. 

b. Key tU-2 '^jroi^riin- to th*- existing -jniii an v.ilitary struc t-jra and ecuip- 

c. Groi-n.^. forcfts s''o;:ld be developed ns li::hi:ly arA-?.:! infantry supportfvi 
by and SVZ': ;rorU-irs ant! lOSm hotjit::^rs ^.:ith liritsd nobility provided by 
trvcks, arnoi-p-d cars and li;. lit tnn>.s alr-: '.ly in th--; .s'-i.od:an Ar.-^.d rorces 
inventt^ry . 

d. ( nly T-2£ lU'rci-rift to surjoort^d* 

e. Lii:it I.'aval mr-^ort to sr..all patrol cnft. 

f. Provide !.:in:i;ir roi'n i.t ions stock. i«vals for S, tyns. vpayjons and T-28 
2ircr.-ift« 

g. J-rovj'.'ie n »r/:;ro'.:nd an-i ol'mr co::t~Ti: .-.'ition.s ipnsr.t fnr c; rrsnt o:per2tions 

3, -i'-CV or ao'^v^-:- thH S'>-ci:l 5jn.:5U5rt "ro'^p ) -'t;:;n the IL.JV J-i^ section, 

r^FponsibJ liti'ss of ^: '■/■:" vj^re to ' o;-;. an : ^^n:: -anaje the o;i t-of-coi'ntry . 
a3L^^cts of tbt'. o7.l -iil-Ion -.ro;. rai? for ■ilit-^irv a- r-.' - 1 ar.ca to Ca-^bodia. 

ii. In -id-Jvna, th*^. offic- of the Pol i t i cal/'-ii 1 it .:ry Coun^alDr wis ^f^tablished 
in the n.S, •■T-;. assy, "-'.luov, .:''?nh vjith th.-= r^-.-oorit it : ? i tv for incoi ntry r. ana ev.iant 
of the Ca-'bod5a :-'AP. Onr;nr. the p-.irly jayf? of i-is i ist anc?., the 'OL/:rrL office 
cfilied ali-.o- t Rnci vral^-- ;.ir:on the ?!er.--!.-irs th? Oef ;:iso .-.tirache Offic-e for the 
o-jer;;t:on of 'civ.i ; ro r :r-. 

-'n 30 :;ann--:-' the ^.:^'.:lary <£qui;:r:-nt :^liv^ry Tear-, Cor-bodia was activated. 
T ': s tonp c:)n.'?-> te-.l oj? jO on c.cl , 16 of "f\ich v7er.3 Rt -it i on ■■=--] in Ca^-bodia, 

attach .'i to tiic ':: ^-r^cqn -;b-'"isy .^n.: work'ni, :'nd-:r p-)llcy £uid-!ncs\ provided by 
th?i Ai barsa'lor, Tacimfcal .lanoe an.! i - "irati T:1 :;irr:-::t:on ^:*3 provi,:ed by 

'jl'jrfj " i loc ;ti-.! in Viatna-. 

Th^ \C .--^rso.irK^l ;ril:':orix?' to bs inco'-'ilry "ere . i v o;tain-?d froi; 

"=-A''.^ assists .-in.] on r?l;=i:iv,;i s-iort n'.>t:c'^ "er^ i oc ^ J i ncu'iniiry . V:-on arrival 



or :5iii v^nti.oii nn-.] c;-i:;,)r.i 1? iii . : nr^ivl on :.l : 3 ini^-iol F.-.-wey lii^- 1-771 ^'Ar- (165 
•••ill ion plrs :>20 M-llioti of i:u]it-.;)rv ai •]) vovl.l shiy.-:)ed into co-.-ntry 
' •:list^iln^^•r>fl. T/.o tliree priori Li":-: voi- j: 

a, ■•r.-iin -ui-i ■•^|■:J ■ coi-'aL rt>i:co3» 

^. •)?.V'iloi- .Tii ! '^.ciwii? a lt>j.;ir;E:ic:^ Ij. sa. • 

c. 1 : sh a Pchor.;ls Ryf?l.iiiii Mi'it w-^vi.: " ot '1 • nriori.t'/ 1 -jnd 2. 

7. On 2i: :-{ay ] i71 a-: tvici;:-4i 't v.-js r^r.c:!;- i -o i:K:ve.-..-i ~ rhe ificounLry t:ea[n to 

:5 ?i>ncis, A co rj of i-.'-f rp.Pi! 1 -Mut rcor- an: at i on i r- : t.'ic-i '.d yit Tac A. 



1. FAi'^rv' orrntii ::o;:;.on54 ;r?va bssn b<i3:-^d on rrr.nch concs; ':r: 1;;i:it nrDV^n 
incrRa?;inf:ly on::'!^-rr>o:: for the type of y<rir hz:^-. fov-'-r in Carnbo:\:a\ The 

1. jsic con' nt: 2l.^r;ar;t •./as tha )-attalion, Jicr. of '.-/hich vera s.-^parate and others 
farr--«J. into bri -.a-jMS . Ti'.e basic or: ani z at i'.):vn str-. c :":r;=i <jonnist?.d of two croad 
cat^H/.ories, Tiio^a forc-o tii.-;t wpre 'Jlv 'Cr.ly -nid-r th=^ conHrol of th?. -sn^r^l 
^t^ff for op::r-ti-;ns i:bro'-^lioi] t Cl^:. ;iri^ r:r-no:;.aUy u^^^J to execute 
r-:hn?rnl Lon Nol's oP^snp-vp, strriti-y for 'Jir -"f>ntw:l ?:ouls:on of the conmunists. 
The spconi cat?.;/ ory Ir.nof^n as R-^^ion.nl [-or'-'OP arp-tliosa f.^ro'^s th"t l.':-:lon^ to the 
-?e;:ional Corni.micir . in T-any c^r,\-s ^-.hov it.'i r?cr:.-i t.^.l, -r;!:nc-id and ;•) -•-.rti al ly 
acin"ir;:»d r'y thf>. Pa.v i on.-jl Co!:-".ancV.r . yhfv/ ara as sous fit to cl-'.gr his 

r;^. ion of thp. P.nemy, protect ro\^t(-.•:■, on- i-ri-ue.s an--: :rovi:je security as necessary 
for th- pa-i^n:ci of (-'-ivirril Urjyerva linits tiiroiuh his T^ipon. On a-H^e occasions, 
"^n^ral "c.-v :rve Tlnirs wi.U be " nss i j,\n?.a to r?-.rions for s^-jcific o.-erations. • 

2. '-jth th- snd.-h-n '^roi-'I:h of F/r'-v thronwi r-cr\ntr-nt volunt-ers ths organiza- 
tion V-2C:a!.<^ incra.4ninr ly ^ifMcuU tu coniiroi. T-.-ir^i -f:Sc\ nrol i' ?r ^it ion " o f *\;nits 
or 5 t^enrths -'nk-iown •:^"cn to tbe -/"nr^rcl siaf^= an' ,'5n inoriasi^;. activitv in an 
area ^-.'h-'ch cnn ;-p. o.r.-, -^ri -cl as oar^i: ■ ; i i t .-iry forcis. star.'.n3d fror '^ensral 
Lon N:o1*s rplti.-.tance to r-'ifvs^, any o^^ar - .-.ip fror. t'le L;o:i:laca "r-ased -robaMy 
on p. fj?ar of Vli n!-in<i t::-'-ir ^ntfiUsSlasv.. 

3. Fro:n tiie uo3nt of vi^^j of thR it ^ ecniaa :nor- sinrl:^ difficvl- to insure 
that i'!AP sup:;orta:l unitf: were receivinc. the r.quipr.:-nt 1?.st3nn:] for ther. . As 
i:'^<^■3izn of FA^'K ursv r.r.?? nn*?-! for an:;3 and anrninition incr.-:nS.-:ci an:', tha strea^a 
of ai-rs ^-'.ir, h'.i5n: dis:;-jr? =!a into an ^7r>r incurs l^^n7 pool of rec-u i rer: -nt s . 
Cons'^qi.ittntly, ;n A^ril ].'J71, the A;,l:osra:or ;;r?f^-nz-i i'-Lt^-r to the .rasidea*: 
of fch.- Co'inci] of -linint-rs asking: (1) Tj-; rGcn»itr- rt c iose, (2) That 

V :iko an nccnra;:e cornt of personnel within ::ar:-0']:a t^^e ivas prep.:ired to 

s-ir..^!ort a to ^.al force of 220, OTO n en by tha end of FY72 and, (3) that FAVK should 
.-l-.ve] a forcft 5;:r.n»otvre r 'ri:;ctinz t-ie above stro.r. " t ♦ 

The FA'''K Cener-^1 ;"tn^f r^s; ond^i;* Hy /level o-j^in.^ a :-;:ner;jl reserve of In- 
fantry ■ rivader-, 2 i.^ra ^ r:; n-les, and 1 e^sch arnor, artillery, enriinaer, signal 
and trans:.or?:otion h-i.a-!- t-.1ms an ^12 force of 5,5')0 r-en. Tor the ^.^sic unit, 
'.•ith !, at Million, in some rer-.i.ons, hein;.- al locaf.'.^. to c:--> :V. Coc-.^nnJer rts his 
re::-i-:vft and in one r-Kion a Lrij;. ade. Cveral 1 stren- ths --vere ?:~t for each r^pion 
vit^Mn vi;3cK the ■Jorv^-.n ler h d to ro or incre^^s? ".i? ::res:int strenith! 



